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PREFACE 



IN the Cburfe of my Studies on this Branch of the 
Mathematica, lohfenfdmuch Ohfcurity^ Inegn^ 
larity and Deficiency in the Writings ofmofi /lu^ 
. thors on this SubjeSi. I have therisfore in the follow- 
ing Treatife endeavoured to redrefs this GriroamCy and 
to render this Science moreplair/j eafy^'^and coviprehetj'* 
Jfoe ; to which End I have laid down a large Num(?er 
gT Definitions, Theorems, and yrdblcms^ which ar$ 
ahfolately necejfary to lie leirn^d.' ^-^J^^ l)cfiiiitforls //;- 
form us of the Nature^ Names^^, and D'tffefentes of the 
fever al Lines and Figures ufedithefeinS, aitd' alfo other 
Terms of the jirt. The Theorems \ c^i't'ciin ,iill the My^- 
fiery of the Science^ on a DemhfW^pion 'a^'S'diie un- 
derftandtng of which depends tlffS Rationale of Trigo- 
nometry ; that iSy the Reafon of all the various Ope-' 
rations of the Art \ Thirty^one of the beji Theorems I 
have collated for this ^urpofe^ which ferve more imme-- 
diatelyfor umkrjianding the Reafon of the Methods Jor 
making the Cmon of Natural Sines, Tangents, and 
Secants. 

^Jhe Theorems ought to le well fi tidied. In demon^ 
flrating them I have taken a new Method^ after the 
Manner of Mr. Le Clerc, in bis Practical Geometry, 
which I think is the mofi clear ^ petfpicuoiis and eafy cf 
all others. The Problems are adapted to the Capacity 
of ally enabling them to make a Geometrical Conjiruc^^ 
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iwjj of any ^Procefs or Operation in Trigonometry ; /// 
ivhichthe Learner ought to heveryperjeH. In the next 
^P lace follow tke/everal Methods ofcofiftruEling a Ca- 
non oj Natural Sines, Tangents and Secants, invent 
ted h the Learnedy and here Hinjtrated and exempli^ 
fied in NuiHuers. This- Matter however negleHed in 
Booh cf Trigonometry, is of the laji Importance to 
fnijb an Jrtift in this ^art of Learning. Having 
learn' d this^ the Reajbn of the Logarithmctic Canon 
is ca/y^ as will appear in due place, jifter having thus 
laid the Foundation (Principles^ I proceed to the Me^ 
thcdoffolving all the Six Cafes e?/ ^ Right-angled Tri- 
ar.gle, /;; all the three Varieties ^ and that hy tenfeve^ 
ralMetlods^fome by Natural Numbers,y5;//^ hy Arti- 
ricial Numbers, ^/;rf others by Inllrumcnts. 

1 havepewn how the Method by Logarithms de^^ 
pends on thife by Natural Numbers ; and how the Me-* 
thod^dX*lnJh-^iwc\ts^ Uip*e\2ds on bothi I let the young 
Lcariy ircijce inVo'4ke*m;ffleryy'Or Theory and Prac- 
tice of eacR'jy:€thf{fi UJ^^have taken care to teach hint 
fjotl'/ngj fo^^ the-yolhcb he may not be able to render a 
Rcafcn. \Si^Xt'cthfi^*X'h^vi contrived a new Method to 
cohii:,cc liiii^of *th^ Ihftionale of every Analogy^ by Lo- 
garithms ; or why we fay Sine, or Tangent, or Secant j 
and why tl c 'Parts oj jlnalogy are placed as they arCy 
and the Reafon of the large Indices to thofe Sort ofNuin-- 
lers\ and have endeavoured to make the whole clear 
aid ivtclligibUto the Learner by new Schemes for that 
'Purfric. 

1 l/are alfo dcjcril'd the Nature and life of thefeve- 
ral hiL cs en tl e Uijlruments j as the Sedlor, Plain Scale, 
Slitiing-F r.ic, ^c. as I have gone along \ and have il-^ 
tufcratec! tkcir T /'cs in the DoiJrine oj Triangles. 7ou 
l.i'i'c ah. an Jiaple ColleBion ^^ Anomalous Cafes ot a 
Riy:lri/i liunglc, ^xliliheir ioluticn /.;>' Algebraic The- 
OxCiiiS. 

Tien 



^hii^E FACE. 7 

Ihen follows the Method of fohing all the Cafes of 
Oblique Triangles, by the forefaid new Method^ and 
Schemes \ fieww^ the Rationale of every ^rocefs. 

jindin the laft ^lace you have a Variety of Theo- 
rems, new and curious^ for Ending the Jre a of' any 
Plaih Triangle,-^ having given any of the Sides, or 
Sides affd Angles together. 

In thefecond ^art of this Horkj I have applied the 
DoSrine of Plain Trigonometry to the ten Mathema^ 
tical jirts and Scie^jces mentioned in the Jitle-^Page. 
In each of which I have given a General Account of the 
Art^ its Principles and Maxims j the Hit are and ^Pro^ 
perties of its fevtral ^arts ^ and the C^^ (?/* Trigono- 
metry in the whole : By which means the Reader will 
meet with a Kind of Epitome of the Mathematics, fo 
far as it depends on Flain Trigonometry : Here are 
inferted a great Number of very^ rare-^ an^ curious ^ro* 
pofttions in Cofmography^ GecgidpKy, 'Aftrcrfomy, 
Gunnery, Mechanics, Surveying, Opiics and Pcr- 
lpe6live, which are not to be fmndw ,afty:one Juth^r 
(that 1 know oj ) on this SubjeElj.,anci'yet flick as pro" 
perly appertain thereunto, tk e Reailer m-iyfee the Par" 
ticulars in the Table of Covtivts\ One Thing I would 
acquaint the Reader with^ that I have been concifej 
yet I think fufficiently prolix, in thofe ^Parts which are 
in every Book that treats of this Jrt^ \i 7- Naviga- 
tion, Altiraetry, Fortification, and in feme other ^^arts 
have perfcrm'd the Operations by the Infrumevtal Me^ 
thods, as by the Gunter, the Scdor, &c. and there- 
fore in fuch Cafes, the Reader is not to espe£lfuch 
/i/latlematical Exa^nefs as by Logarithms, becaufetle 
Matter decs not require it. Upon tie whole, I have 
oviittcd nothing that I could think of which might yv.//- 
der this Work a ccmpleat Guide to the y^ufjg 1 rigono- 
mctcr; and Iho^e /// the Ujc it will be found to befucb, 
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M for what belmgs t0 Spherical Trigonomctrj 
and its application^ that is contained in thejicond 
Volume. 

To concludcy having given a general jiccount of this 
^iecoy its Occafion^ mbjeS and Method *y lean not but 
€xpea the candid Readers will excufe /hall Faults that 
may have efcaped my Notice \ andwijb them all the <Pro^ 
Jft in the peru/al ofity which was intended in itsCom^ 
pofare by him^ wio will never think much cfany ^ains 
whereby any Benefit may accrue to any of his Fellow 
Creatures^ 

Benjamin Martin. 

l^rom my SchopI «^ . 
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New Teftament in the Manner of Dr. Clarke. By Thomas 
tyle^ A. M. Minifter of Lynn Regis in Norfolk. 

Blejfed is he that readetb, and they that hear the words of 
this prophefy^ and keep thofe things which are written 
• therei n - ■ / Revel, i. 3 . 

An 



jin Explication of certain CharaBers. 



AS the Ufc of too many Qitraders or Abbre- 
viations, docs vcr^ much obfcurc the Work, 
and perplex young Beginners; and without any at 
all, it would be prolix and verbofe^ and both the 
Book and the Price muft be thereby neobflarily (tho* 
unreafonably) increafed; I have therefore made 
ufe of a few Chara&crs, and thofe fo plain and eafy, 
and withal fo common in all Mathematical Books, 
that not for Brevity's fake only, but for the lake rt 
reading and .underfttnding any other Mathematical 
Trcatilc ; the voung Lccuner is obliged to be well 
acquainted witn their Forma and SignificatioDS, 
which arc as follows. 



CharaBers> 
+ 1 



q 



s 
t 
£e 



CO 



SspiiJ^cMfiont. 

More J in Addition. 

Lefs: in SubftradKon. 

Multiplied into ; in Multiplication. 

Divided by ; in Divilion. 

Equal to. 

The Root of J as *Vy is the Square. 

Root, ^c. 
Squared ; as Aq, is Afquared. 
Is to y in Proportion. 
So is y in Proportion. 
Smc; as sB, is the Sine of B. 
Tangent^ 
Secant. ' 



If there be any more, which I do not think of, 
the Reader will find them explained in their Places, 
in t. e Body of the Work. 

CHAP. 
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CHAP. I 

Of Geometrical Definitions. 



Ir A ^oint^ GeomctricallY 

f\ confider'djirthcle^^ "- 

af^^nable Part of Spacc^ una A« 




abfolutely mdivifiblc 5 and is 
denoted by a Tittle; as at A. 

II. A £/«r, cither ftrait or 
crooked, is a jLcngth without 
Breadth or Thickncfs; and is 
generated by the Motion of 
a Point; as AB, CD. 

III. A Superficies or iSi/r- 
face^ is Length and Breadth 

without Thicknefe, and ter- 
minated by one or more 
Lmes^ as A, B) C. 

IV. An jiugk is the In- 
clination or Meeting of " ^ ^->=^A 
two Lines in one Point; B ^--^ -yi-^^T^ 
or the Space bcluded be- "'''"'^^C ^^'**''***o 
twecn them ; as the Angle 

A^ B^ CL 

B 1( 




/ 
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A B 



V. A Right'Jfigh is includ- 
ed between two Lines perpen- 
dicular to each other ; as the 
Right Angle A, cr B* 







^ VL An Obtufe Angle is grcat- 
. er than a Right Angle j as the 
Angle ABC 



D VIL An Jcute Jf7gle„As lefs 

fjjftam a Right Angle j as the Angle 





-^^mJ^.^^ is a p^^i**^-. 
perficies^ tv,h'6fcr*Arca is limTOd 
by per&dki^paiia .Line; as the. 
tigure B. 

IX. The ^Periphery or Cir- 
cumference of a Circle is the 
Round Line that bounds itj 
A^ B^ C* 

X^ The Center of a Qrcle is 
the Point C, every way equally 
diftant from the Periphery. 

XI. The Diameter of a Cir- 
cle is a Line pailiag through the 
Center, and ending at the Peri- 
phery On each Side: as the Line 
AR 



^ 



XU. 






V. 
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half 



XII. A Semicircle ( /. e uml ^ — -^.^ 

a Circle) is a Figure contained /^ >. 

between the Diameter and half ^L ^( 

the Periphery of a Circle; as " \ j 

ABC. •-- J 



XIII; A ^ladrant is one 
Quarter of a Circle, or half the 
Semicircle : as the Figure BCD. 

Xrv. The &5or of a^ifcirdjs^^^ 
is a Figure included t^i^veen 
tja|pjScmidiametefe |ntl:a^ffl^.h 
^|^'^eriphcr£:5^^^ 

XV. A jCb6r41^^ or 5«^- 
f^;7/J of an Arch is any Right 
Line dividing the Circle into 






two unequal rarts, and is lefs 



than the JDiaraitcr ; as AE. 

XVI. A Segment of a Circle 
is the Figure included between 
the Chord Line and Arch of the 
Circle, and is greater or lefs than 
a Semicircle; as the Figure 
ADE, or AGE. 

XVIL An Jfjgk in the Seg- 
ment of a Circle is that wWch ' 
toi3chcth the Periphery^ and is 
fubtendcd by a CHord Line; as 
either of the three Angles A, B, 
or C 




...^,..:...s:..-. 



"^^" 



V 






Ba 



XVIII. 



Tlain Trigonometry. 



XVIII. The Radius of a 
Circle, or Scmidiameter, is 
half the Diamiter j as A C, 
orCE. 

XIX. The Meafure of aa 
Angle, as the Angle OCE, 
is the Arch of the Circle OE* 

XX. The iy/>y<? of tjiat An- 
gle, is the Line O I^ 

XXI. The TanzentthcT^ 
ofy is the Line EF. 

XXII: The Secant thereof^ is the Line CP. 

XXIIL The Verfed 5ii;^ thereof, is the Line D E. 

XXIV. The Co'SimyCo-^T^ngent^ and Co-Secam^ 
are the Sine, Tangcn^> and 3«:ant of the Comple- 
ment of that Arch to a tjfiidrant, viz» of the Arch 
AO; as BO, AG, and CG. 

XXV A triangle is a Figure bounded by, or in* 
eluded between three Lines, and having three Angles. 





XXVL A ^lain Triangle is 
terminated by three ftrait or Right 
Lines ; as the Figure A. 

XXVIL A Spherical Trian- 
gle is that whofe Sides are Parts 
or Archei of three Great Circles 
of the Sphere or Globe j and arc 
eachlefs than a Semicircle j as 

* '^" 

XXVUL An EquiJateralTxU 
angle hath all its three Sides j aa 
the Figure ABC, for AB^BC 
=Aa XXIX. 



Of Geometrical Definitions. 



XXIX. An Ifoceles Triapglc 
hath only two Sides equal ; as 
the Figure DEF. That is, DE 
=::EF, (DF being greater or 
Icfs.) 

XXX. A Scahmus Trian- 
gle is jhat which hath all its 
three Sides unequal j as ABC. 

XXXI. A Kight-angUd 
Triangle is that which hath one 
Right Angle ; as AEC^ Right- 
angled at E' V 

• ■-*•* 

XXXIL An Ohtuf^angJed 
Triangle is that which hath one 
Angle Obtufe, ( this is alfo 
Q^XV^iiiiJmblygpn.) AsDEG. 

XXXIII. An Acute-angled 
Triang'C is that which hath its 

. Angles acute, (this is alfocaird 
■^ an Oxy^o^.) As the Figure O, 

XXXIV. The Height or 
Altitude of any Plain Triangle 
is the Length of a Perpcndicu-* 
lar let fall from any one Angle 
the oppofitc Side; and this igci^j^- 
pendicular maj^ fall within or 
without the Triangle ; as AE. 





XXXVt 



\ 



4r 
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clu 



£ 



^ 



J' 




£E7 



XXXV. Parallel Lines, whe- 
ther ftrait or curved, are fuch 
as arc equally diftant in all their 
Parts, though infinitely extend- 
ed ^ as A ay or B^. 

XXX VI. A Square is a plain 
regular Figure contained within 
four equal and parallel liines or 
Sides, perpendicular to each 
other i and thereby making four 
Right Angles; as the Figaie 
ABCD. 

•J:^ XXXVII, A ReSfangk 
3 or Parallelogram (called alfo 
an Ohlong or Long Square^) 
is a' Figure that hath four 
Right Angles, and its two 
oppofite Sides equal and pa* 
rallcl; as GDEF- 

^ XXXVIII A Rbomkat 
is a Figure that hath fbor 
equal Sides ; but two optM> 
fite Angles acute, the otner 
two obtufe : as the Figure 
GHIK. 

XXXIX. A Rhomloidesy 
or Oblique-angled Farallelo^ ' | 
gram, a Figure whofc two 
oppofite Sides are equal and 

})arallel, but its Angles the 
ame as m the Rhombus^ as 
the Figure annexed A. 

XU 



V 
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"' XL. A Trapezium is a 
Figure of four Sides ; but all 
its Sides and Angles arc un- 
equal ; as the Figure R 

XLI. A Polygon is any 
Figure that hath more than 
four Sides j and is caird, 

yjAkK Regular Polygon 
when all its Sides and Angles 
are equal j of which there arc 
feveral Sorts, as the Penta- 
gon P, 6?^. 

XLIIL But an Irregulaj^. 
Polygon hath all its Sides and> 
Angles unequal ; as the irre- 
gular Figure R. 

XLIV. A Diagonal is a 
P Right Line drawn from the 
soppofite Comers • a Figure j 
\B, in the Figure O* 




B 





CHAP. II. 

vxiocns ; Poftukta mr Demands; 
fame Geometrical Terms eisplaind. 

jixiom 1. 

qual Quantities l)e added to Equal Quantitiei| 
z Sum of thole Quantities will be Equal 

ThiMt 



y 

8 Tlain Trigonometry. 

Thus, if to the Equal Quantities 8— 8j 
You add the Equal Quantities 6-= 6j 

TTheir Sums will be Equal . 14^ 1 4- 

Axiom 11. 

If Equal Quantities^ be deduced from Equal 
Quantities, the Remaining Quantities are Eiqual. 

Axiom III. 

If Equal Quantities be multiplied hy Equal Quali- 
ties, their Frodudls will be Equal. 

Axiom IV^ 

.If Equal Quantities be divided by Equal Quan- 
ties, their Quotients will be Equal. 

Axiom V. 

Thofe Things which arc Equal to one and the 
fame Thing, arc Equal to one another. 

Axiom VI. 

Thofc Things which are Double, Triple, ^c. of 
the fame or Equal Things, arc Equal among them* 
fclvcs. 

A^m VII. 

The Whole of any Thing is Greater than any 
l^art thereo£ 

'Axiom 



Axioms^ Toftulata^ 8Cc. 



Axiom VIII. 

Every whole Thing is Equal to all its Parts taken 
together. 

Axiom IX. 

Thoft Things which being laid one upon another, 
do agree, or meet in all their Parts, arc £qual to one 
another. 

}^0Uy The Converfc hereof is tfue in Lines and 
Angles univerfaily ; but in Similar Figures only. 

PoJlulatc^^x^^iPemands. 

I. It mufl be granted^ That a Right Line may be 
drawn from one Given Point to another. 

II. That a'Right Line may be Produced, or made 
Longer from both Ends. 

III. That upon any Given Point, or Center, and 
with any Given Difiance, or Radius, a Circle may 
be defcribed. 

Geometrical Terms. 

A ^fopfifition is whatfocver is offered or propofcd 
to be Done, or Demonfirated^ in Geometry. 

A Problem is that whicR^ropq^h fomcthmg to 
be Done or Pcrfi>rm'd by the Rules of Art. 

. A ^eorem is that which propofeth fbmething to 
be Demonftrated, or made appear to be really true. 

C A Ditnon^. 
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M J I I I I I I — — — B^a 

A Demoujiration is an abfolate, infallible and evi- 
dent Proof of a Propofition, which proceeds from a 
Chain ot Reafqning or Arguraencation, drawn from 
foch Plain Axioms and Selt-evident Truths as cannot 
be denied with Reafon. 

A Corollary is fome notable Truth following from, 
or gained by any foregoing Demouftratioii; • 

A ConfeHary is the fame as a Corollary. \ 

A Lemma^ is a Demonftrattorr of (bmcthing pro- 
mifedv i» order to ttcpedrtc and facilrtatc thelfcmon-* 
ftration of the Theorem, dj^pending. 

A Scko'ium is a learned *X)r ufefiil Remark or Com- 
mentor}'' on. ibm« prccccdcnt Diicourfe, 

As the foregoii^ Befinitio&'and Axioms witt be 
frequently mentioned and refer'd to in the two next 
€3iapter6 of Theorems and Problems, 'tWill be very 
necelTary, that the Learner flioiikl have thcin trcU^ 
iUid firmly imprinted in his Memory before he goes 
ferther; for unlefs he perceives the Reafon of Thrng8| 
the Praaice' will be but Cbnfufibn and Miftery to him. 
And as the Theory naturally preceeds the Practice ;'I 
ihall next demonftrate a Collei^ion of the ufefui and 
neceffary Theorems', after a new and eafy Manner. 



fi I ■ ■ ■ 



Chapter HI. 
QebmePrhn^ Theorems, 

Theorem I. 

ONE ftrait Line AC ffanding on another 
ftrait Line BD, makes either two Right Ahi 
glcs, or two Equal to two^ght ones. 



Geometrical The^rtms. n 

If th^Linc — r^ AC ^\ ,K 

Be Perpendicular to BD ^ / 

Then the Angle BCA— ACD \/ 

And each a Right one by ^^/. 5. B — ^r J) 

If not; draw the Perpend. EG 

Thcij vi\\\ the two Angles ECA-1 ACD 

Be equal to one Right Angle bj ^ic/. 5. 

'Bpf the ADglc — BCE 

^is a R^ght one; Therefore . EC A+ ACD 
are equal to twp Right Angles. ^. £. D. 

: Corollary. Hence if feyeral ftrait Lines meet or 
ftand together at onCjJ|i^t^»and on the fame Side of 
a Right Xiine, all- tij^^Ap^te* taken together will 
be equal to two Right Angles. 

- '. Theorem II. 

If a RigRt Line cut or crofs, another Right Line, 
'twill make the oppbfite Angles equal one to another, 

Demonjf ration. 

The Angles--^ ■ — A-fB, / 

Are equal to two Right An- L 

gles .— ^heo, I. J — 

So alfo arc the Andes — B + C j " "7": 

Then arc the Angles A+B — / / 

B+C ^ --j;«r r 

Sabftrad, oo both Sides Opif^ngle B, 
There will remain (by Axfom 2.) ^:??G 
After the fame manner 'tis proved B=D 

Therefore the oppofitc Angles are equal.. ^. E.D. 



C 2 7beori$n 



B 



^/c 
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Theorem III. 

If a Right Line crofe two Parallel Lines, 'twill make 
the alternate and oppofitc Angles equaU 

Dimonftration. 

The Line I K 

Being parallel to the Line I 

The Inclination of O P 

Muft be equal to both 7 

IKandLM f 

Confequcntly the Angle 7^ 

a^*..— J 

But (by Ibeot. II) the Anglic'*—^ B = D 

Then (by Axiom 5,) the Alternate 7 p_.. 

Angles are equal ^ — viz. S 

Therctbre alfo ■ C-rra 

Confequcntly all the oppofite and 7 g> R D 

alternate Angles are equal . J ^* • 

Theorem IV* 

T|ie Three Angles of every Plain Triangle, are 
together equal to two Right Angles, 

Demonfiratlon. 

Since the Line E F 

laparallel to the Bafc — A B 
-F ^en (by Thcor. Ill) the 7 

"' Angle — . Art ay 

And the Angle B=:^ 

Alfo (by Tneor. IL) the 7 

Angle — — C— o 

That is, the Angles -rrr—A+B-fCrr^+H^ 
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JBut (by Thcor. I.) the Angles ~— a-^b^c 

Arc =1 two Right ones. Therefore the three Angles7 

of the Triangle — A+B f C f 

Arc (by Axiom j) equal to two Right Anglos j2.£JD 

Theorem V. 

If one Side of any plain Triangle be produced be- 
yond the Triangle, The outward Angle will alwgya 
\)c equal to the two inward and opponce Angles. 

Demonftration. 

By Theor. IV. The Thr^ ^^ 

Angles of the TjHSMiglc > ' / \ ^ 
A+B+C — — v_ V X b\^ 

Areequal totwoRight Angles. 

Alfo (by Theor. I.) the Angles B+O 
are equal to the two Right Angles. 

Subftradb the common Angle < B 

There will (by Ax. a; remain A+G-O 

That is, the two inward and oppofite \ q p r\ 

Angles - to the outward Angle. S^'^ *^* 

Cor. Hence, if one Angle of any plain Triangle be 

given, the Sum of the other two are alfo given. 

Theorem^ VI. 

In every plain Triangle, Equal 5ides fubtend (or 
;urp oppofite to^ Equal Ai^s^ and the contrary. 



Demott-- 
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Suppofc the Sicjcor Leg — B C 
Equal to the Sid? or Leg - C D, 
Drop the Pcrjiendicular -^ C A 
' Then arc the Angles A B Of'? 

BGA • ; i 

Equal to one Right Angle bj? 

Thcor.IV. ' ^ i 

So alfo arc the Anrfcs ACD4-7 

ADC ^ -I 

That i8.(By Axoira $) — i C-}-B=:i C+D 
Subftraft the Common Angle from both > ^^^ « ^ 
SidesjSic Equation, ,^ ja^; ;. ' ■ !■ ■ r j •.. ' "^ r 
There itfmains (by A£n«i^ rr^.Bsbt) 

Therefore Equal Sides ISJMcnlfi^ 

Corol. Hence if the three Si«tt^^^^ be 

equal, the three Angles will be equ^o'wiie another* 

Theorem VIL 

In every plain Triangle, the greateft or longcft 
. Side fubtends the Greateft Angle ; and vice ver/a^ the 
Greatefi Angle is fubtehded by the longeft Side. 




Demonftratlon. 

From the Line 



AB 



Strike ofl^ or make AD~AC 
Join the two Points C and D 

-Then(byTheor.VJ.)ttl 

ACD-ADG, J 

But (by Theor. 5) the An-7 

glc ADC=ABC+DGBJ 

That 
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That is, the Angle ACl> 

15 Greater than the Angle '■ ABC, 

Aad tbercfcm (bg^ Ajoom yi) tjbc Angle AC^ 

16 Greater than die Angle ■ r." - ■ — ABC 
Thu§ tis proved the Angle ■'■ '■ ' ■'■■ — — ACE 

is Greater than the Angle " • " . ■ . ■ A; 

Therefore the Greateft Side AB 

Subtends.theGreateft Angle AGB. 2i,»E.D. 

liwmn Vm. 

If one Tiian^le ABC, hath two Sides AB aod AC, 
and aa Angle inclofkd A, Icverally equal to two 
Sides DE, I)F| gftd^an Angle included D, of any 
othcr^;f riangfe E^ the noft ^-thc Papt**, 

and e6yM uehti'j^. Mtn the Triangles equal. ^ 



■-^^ 



Demaufirati^m 




Lay the Point 

On the l^oiht 

And the Line 

On the Line or Sicfe 

fThcttfliaH the PdatBrE'&P / 

6JJ,0nthftf9ifl^---fr&G . u ; T 

And the Line or Side — -DF ♦ 

will fall on the 3ide^ AC ; 

Therefore (by Axiom 9) 1 E" ' " " "^^ 

' «& Angle rr-^ :E=B 5 
AnA-tfclfe-thtf Angfcf.FrrC. and DFr^AC, 
And owfiiiici«fy.tlu:^iiiiQle Triangle r-^ KDF 
llrcgual-tathcwklfeTriangle — BAC jgE. i>. 

.' i ■ =■ • ■ .. ' .,";•' '- 

ijmk Theianpie Tfaiflg^iif)E)p.QQg if aXu^a^^U 
tm Anglw >tod A side inrinncdi .>o;^di/tbpB ^Lctes, 
equal to the fame m any other Triangle, 
^ Theorem 



.^•'" 
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Theorem IX. 

The oppofitc Sides AB, CD, pf a Parallelogram 
are Equal, and the Diameter A B divides it into 
two equal Parts. 

.>i.^ Demonfiratton. 

A Becaufe the Side (DeC37)7 

^ AB-- r 

Is parallel to the Side CD 
Therefore (Theo. 111)1 

_ O the Angle.: ADC> 

Is equal to the Angle BAP 

Sd alfo the Angle — DAC=rADB 

And the Side included is ■ AD, 

Therefore {Corol Theor. VIII) the Triangle - ADB, 

Is equal to the Triangle — — QAs^— D\BCj 

And becapfe of that, the Sides ■ AB = DC 

And the Sides ^ AC=BD. ^.E.IX 

Theorem X 

f vallclograms BD, BF on the fame Bafe EC sod 
betwixt the fame Fartdlels, are equal to each odier. 

Demonftratioih • * 

1> p F By Theor IX. the Sid^l 

5f> ...-••' AB=DC. ^ S 






Alfo the Sides AD-BCL 
B o =EF- ^l 

And the Side — -DE 
is common; therefore(^x.L)-— — — A£s=DF. 
Alio the Angle « EAB=FDC? 

Therefete 



"-^ 
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Therefore the Triangle 



e;ab=:fdc 

Subdudt the common Triangle « DGE 

there remafas (Ax. II) the Trapezium CGfiF 
equal to the Trapezium — ■ — • ■■>* Ai^iiB 
add the common Triangle " BGC 

Then will the Parallelogram » ABCD 

be equal to the Parallelogram ■ • ^IjIBCE. 

CoroL The fame is true of Triangles, fince they 
are Halves of equal Parallelograms, by j^xiom YL 

Theorem XI. 

In any Right Angled Triangle AB, the Square 
of the Hypothenufe BC, is eoual tathc Squares of 
the other two Sides AB and AC/- 



Demonftration. 
Angles V 

addjthe common Angle 1 



JSecauie the 
DBO=FBA 



ABC 

then will the Angle 
FBC:=ABD- 



1 




But(byDcf. 36.)thc Sides / 

AB=FB, andBD=BG.i 
Therefore (by ^eor. V 
Vm)theTriangleABDr 

ia equal to the Triangle ? 

And (by Cor. tplheor. X.) the Parallelograra BM ? 

■=aABD : fl- S 

«nd the Parcllclogram BG=2FBC 

Therefore (by Jx. 6.) the Parallelograms Bl^= BG 
Tli08ti» proved the Parallelograms — CM=CH 
Thwcfore (bjr Jxim i.) the whole Square BE := 7 

D Conk 



J^ 



jS 
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\ Orol. By this raoft noble and ufcful Theorem, firft 
Invented by ^Pytbagoras^ i$ deduced the Method of 
Adding and ^ubArading Squares, Parallelograms, 
CirclOy €^f. 

Theorem XII. 

An Angle at the Center of any Qrcle is always 
dOuble|^the Angle at the Circumference, when both 
the Ang'ls ftand on the fame Arch. 

Demonjlration. 

Cafe I. By Tbeor. 1. The Angle? 

ACB::rJHB ' f 

and the Sides DC^BC 

Therefore (by ^eor. VI.) ther 

Angle B- D. f 

Coniequcntly the Ang'c ACBl 
= aD. Q:E.D. ■ J 

Cafe II. By Cafe I. The Angle V 

BCA=aBDA J 

And the Angle FCA-aFDA 
Eut the Angles BOA j-FCAf 

^BCF f 

And 2 BDA f aFDA^aBDF. 
Coniequcntly the Angle BCF( 

= 2BDF. ^. E. D. -—J 

Cafe III By Cafe I. The Angte» 
FCA^aFDA f 

And the Angle BCA=aBpA ' 

But the Angles FCA— BCA| 
=FCB- ^ V 

AndaFDA-aBDA=aFDB . 

Confcquently the Angle FCB? 
=.aFDB. ^.fi.I>. -—f 



/'tluriJi 
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Corol.l. Hence all Angfcs at thc-Periphery ftanding 
on the fame, or equal, Arches of a Circle are equal. 

Coral 11. An Angle at the Periphery contains but 
half the Number of Degrees of the Arch it ftands on. 

X^ol. III. And therefore an Angle in a Semicircle 
mud be a Right one. ^ 

Theorem XIII. 

The oppofitc Angles B and D, or A and C, of* 
every four Sided P'igure infcribed in a Circle arc 
equal to two Right Angles. 

Demonjtration. 

By Cerol. 11. of 'Theor. XIL7 x- TsT ••-. 

The Angle B X , •' A X/X 

is half the Arch it ftands on 7 / ^^ 

ADC .r / / W\ 

Alfo the Angle . . ^ '" / / ^' 

is half tho^Arch it ftands on 7 \ /r / / 

ABC i "^l-^-^/-" 

Bat both the Arches, viz. I -^ 

ABG+ADC r ^ 

make the whole Circle ; Ergo B-f-D 

arehialfthcCircle, or two Right Angles. Q.E.D' 

Theorem XIV. 

Triangles between the fame or l^ui-diftant Pa- 
rallels arc to one another as their Bales. 



C a Vernon* 
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Demonftratioti. 

A HO Suppofc thcBafcsBC-CDf 

" ■^^■■•■■- =DE i 

\ And the two Parallels AO 7 

\ and BE f 

\ Then (by rheor. X.) thc^ 

B d» i> K Triangles BHC, CHa> 

^ DHE 'S 

are all equal; hence the Triang -CHE 

. is double to the Triangle DHE 

A!fo the Bafe CE = aDE 

So alfo is the Triangle ■ BHE 

treble TO the Triangle ■ • DHE 

And the Bafe BE = 3DE 

Therefore, As the Triangle BHE 

is to the Triangle DHE 

So is the Bafe BE 

to the Bafe ■ DE. ^. £. D. 

'Corol. The fame Thing is true of Parallelograms, 
they being Double of their Triangles. 

Theorem XV. 

If two Triangles are Similar or Like, their like 
(or correfponding) Sides will be Proportional to each 

other. 

Note; 'Similar Triangles arc thofe which have the 
fame fingle Angles feverally equal to each other. 



Demoth 
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Demonftration. 

Let the Ti-iangle ABC 
be Similar to the Triangle i 

DGE. y 

Becaufe (by Hypoth) the i 

Angle B-DCE 1 

The Sides (by TheorAll) 1 

BFandCD i 

are Parallel. Alfb be- ? 
caufeBGA-DGE — i 

Thofe Sides likewife AC, and EF 

are Parallel. Therefore the Plgure ACDF 

is a Parallelogram. Whence {Theor. IX.) AF=CD, 

fo alio are the Sides AC^FD 

Therefore it will be, AB : AF r=^D) : : BC : GE.; 
And by Permutation; 
Thus tis proved — 
And by Equality 

Note. This latter Part of the Demonftration whicTi 
I have braced, depends on the ad Prop of Euclid^^ 
6th Book, and the i6th, and aad of the 5th Book ; 
which tis proper to confult for Satisfaftion ; the' 
they could not be conveniently here inferted, and yet 
I diought beft to give Euclid's own Demonftration^ 
as it is moft MathematicaU 

Scholium. ' ^ '■ 

On this Noble theorem depends the whole Dodrine 
of both Plain and Spherical- T rigonometry; andcon- 
fcquently Aftronomy, Dialling, Navigation, Forti- 
fication, Surveying, Optics, and other Mathematical 
Arts, are but as it were a due Application hereof^ 
as yix. Ward has obfervM* 

Hence 
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Hence alfo is deduced the Method of finding 
proportional Linea. 

Theorem XVI. 

If from a Point without a Circle, as P, be draws 
2 right Xines PA, PD, to the oppofitc Part of the 
PeriphAl thelRedangle of one wnole Line and i6 
Part mlHout the Circle, is eqaal to the Re&aog^te of 
the other whole Line and iti Part without dticUircfc. 

Demonjtration. 

By TTbeor. I. and XIII. Thc7 

Angle PFE=D j" 

they being both Complc^? 

mcnts oi the Angle AFE \ 
to a Semicircle, and the) 

Angle P 3 

is common ; therefore the7 

Triangle PFE j 

is Similar (thsQr. XV.) to? 

the Triangle PDA. 5 

Therefore as AP:EP::? 

DP:FP 5 




7J> 



Confcquently ^ APxFP = DPxEP, J^B.U 

Theorem XVIL 

The Chord of 6o Degrees of the Arch of any Cir- 
cle is ccjual to the Radius, or Semidiamecer ot that 
Circle. 



Demons 



X 

i..-l--lll i .i.g BHg— -^ ■ ^ 1 J > . . ., ^T^^— "^^^^ 
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(Note. Every Circle is fqp* pj 
pofed to be divided into 360 
equal Parts, caU'd Decrees.) 



Suppbfe the Arch of 60'Pegfecsbc AEB; 

And the Chord ttfewof be A^i . 

Now becaufc the Sidca AC:;=5C^, 

Therefore (by near VJ.^;tbc Angle A=B ; 

But (byTheor. V.) they arc both jequal to ACD, w«. 

180 deg.~6o deg.=r 120 Degrees. 
Therefore all the Angks are equal, ACB=Bp=A. 
Confequentiy (by Tbeor.'> 

yi. Cet.) aU the Sides W AC=iAB=BG^£r>. 

arc equal, j 

Corol. Hcpce the Reafon wjiy 60 Degrees is taken 
from the Line of Ghbrds on any Scale ior the Radius 

of a Circle foitcd to, that Scale* 

■ ■ ■ \ 4. ■ ' 

Theorem XVIII. 

The Triangles fonn'd by the lUdios ^'aad Co% H 
Sine of any Arch^ as aim by tha^RitUakiTaofgeat 
and Secant ; and kuftly, by the Kidios G>-Taf^ene 
and Co-Secant of the tenc Areb, arrtMSimlaiv *f^ 
have their Sides propoitioDabte. : 

t OCfUMH 



y' 



iT 
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Demonftration. 

In the Three fcveral Triangles"? 

f ACDi FCE, GCH, J 

The fcve- r 

ral Angles 

of the one 

arc equal, d^e=H 

*°^r/^^ ACD=FCD= CGH. 

g!^of^J;|GAD==CFE=GCa 

Other (by 
Wbeo. III.) 

thus, 



Confequcntly thc^ Sides 
about thofe equal, An- 
gles will be probor- 
lional (hy^eor.^Y) 

0JU8, 



AsACt At)::CF:FE 
::GC:CH,asCD: AD 
::G£:EF::GH:HG 
asCA:CD:: CF:CE 
;:CG:GH. ^.B.D. 



The Tr (portions in Words. 

i« As jEla^os is to the Sine of an Arch; 
So IS toe Secant to the Tanant thereof; 
So is the Co-Secant to the Radius, 

J" ^ 
' ^ ^s Co-Sine is to the Sine, 
V ^ So is Kadiua fx> the Tangent ; 
'> ^ So is the Co-*T«ngent to the Radius. 

\^^Ab HsdiuB is to the Co^oe^ ' 
So is the Secant to the Radiiis: , ; 
So is the^Co-Secant to the Go-Tangent; 



..V . 



CM/. 



*N. 
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Cmi. I. Hence the Radius is a mean Proportional 
between the Sine and Co-Secant of an Arch, By 
Prop. I. as AD : CA : : CH ; GC. 

Carol, n. The Radius is a mean Proportional^- 
tween the Tangent and Co-Tangent of any Arch. 
By Prop. 2. asEF : CE : : HC : HG. ^ 

Corel III. The Radius is a mean Proportional be- 
tween the Secant and Co-Sinc of an Arch. By Prop. 3. 
as CD : CA : : CE : CF. 

Corol. IV. Therefore in the Logarithmic Canon, 
If from the Double of Radius, 
You fubflra(^ the Co-Sine of any Arch, 
There will remain the Secant thereof. 

If you fubftraft the Sine of the Arch, 
there will remain the Co-Secant. 

Scholium. 

This Excellent Theorem exhibits the Rational, or 
troe Reafonof all the Canons or Proportions made 
ufe of in all the Operations of Plain and^pherical 
Trigonometry. And the Reafon why Secants ^re 
not in the Tables as well as Sines and Tangents, is 
becaufe they are fo eafily found (when they ai% wai|h 
^d) by Corol. IV. ^- ^ 



Theorem XIX. 

Any Two Sides of a Right- 
Angled Triangle bcxn^ g^ven^ 
the other Side tt alfo given. 



%^ 
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Demonjlration. 
For (by 7hior^ XL) the Square of — — — AB 



is equal to the Sum of the Squares of AG and CB 
Tjitreforc* the Square cf the Side AG 

is equal to the Dif. ot the Squares of AB and CB 
And thjjtequare of the Side — — BG 

is equ3ffo DifF. of the Squares of— — AB and AG 

Now iince the Square of an^ Side AB, AC, BC 

is gi ven ; The Side it felf i$ 7 w n 

alfo given by Extradion. J ^* 

Theorem XX- 

In a Right-angled Tri- 
angle if the Hypothenufc 
be made Radius, then arc 
the Sides the Sines of their 
oppofite Angles ; and if 
eitncr Leg be made the 
Radius, then the other Leg 
is the Tangent of its op- 
pofite Angle, and the Hy- 
pothenufe is the Secant of 
that Angle, 

Vi * Demonjiration. 

^ . - . • ' * ■ • ^- ' 

ju Makc*the Hypotheoufc Radius, viz. • Afi 

Then (by Dg^.^XO the Side ^ .. fiC 

Is the Sine of its oppofite Angle •— BAG 

And the Side or Leg* •^%— . - , AC^-^DB 

is (by^ Dff. XXIV.) the Sine of .. — ABC=:BAD 

^'r^^^ ^^^^^^hi^ ^^ S^^ ^ Radius — AC 
Then (by ZJfiT. XXr; the other Leg ~~ BC 

l9 




Geometrical Theorems. 



^7 



Is the Tangent of the Angle 
And the Hypcthenufe 



BAG 

^^^ j^ _ AD 

Will be(by dV: X^^ the Secant thereof. ^£d. 
theorem XXf. ^ 



The Radius and Sine of an j 
Arch being given, the Co- ^\ 
line is alfo given. 



A 

Demonjl ration. 

There being given the Radius and Sine AB & BQ 

Then (by Tbeor. XIX.) the Go-fine AC- DB 

is equal to the Square Root of ABq— BCq. > 

Theorem yiyill. 




A 



The Radius and Sine ofp 
any Arch being given, the 
Sine of half that Arch is alio 
given. 



Demonfiration. 

There being given •- CD(^CB) and DE, 

There is given (by Tib^o. XXL) ^ — CE* 

£ ^ Tns 




^# 
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Then the DifF. of Co-fine and Radius, CB— CE, 

IstheSide(orVcrfcd-finc) EB, 

Therefore in the Right-angled Triangle DEB 

there is given the two Sides • DE and EB 

Whence (by ^eor. XIX.) the other Side DB 

Li given alfo; The half of which, viz. DM 

is the Sine of the Arch • — • DL 

whickj^ half the Arch DB. ^.E.D. 



Theorem XXIII. 

The Radius and Sine of an 
Arch being given, the Sine of 
double that Arch is alfo given. 



Defnonftration. 

There being given the Radias and Sine, CB & BM 

of the Arch ■ ■ — -— BJU 

there will be given (by ^i&w.XXl.) the Co-fine CM, 

and bccaufe the Andes ' — — ~ £=M 

and ttie Common Angle ■■ B; 

thcRight-anglcdTriangle CBM 

i§ Similar to the Triangle DEB. 

"Ijjcrcfore > by rheor. XV. ) As CB :CM : :DBl 

i, (=aBM):DE . -J- 

' the Sine of double the given Arch, viz. of DLB. 

CoroJ. L Hence we have thefc Propoitions. 

As .CB : aCM : ; BD : aDE, 

That is, as CB : aCM : : aBM : aDE» 
Therefore, as BM : DE : ; jCB : CM. 

Lad : . 3. : . C. i!u : 2, . . J-' -)'. • • 
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CoroL 11. Wherefore, the Sine of any Arch and 
the Sine of its Double being given, the Co-fine is alio 
given, by the laft Proportion, 



Theorem XXIV. 

The Sines of two Arches 
BD, FD, being ^iven, the 
Sine of the Sum H, and of 
the Difference EL, are both 
given likewifc. 




i- B 



Demonftration. 

There' being given the Radius and Sine CD, and FO. 
the Co-fine (by ^heo. XXL) is alfo given, viz. CO, 

of the Arch : — FD. 

And becaufe of the Parallel Lines OP, DK, 

^d alfo of the Parallels ^^ OM, GE, CB; 

Thofe Triangles will be fimiO CDK, COP, CHI, 

lar, or Equiangular, viz. f FOH, and . FOM. 

Therefore (by Thior. XV.) as CD : DK : : CO ^ OP. 

which now is known ; Alfo as CD : CK : : FO : FM,^ 

which is alfo now known ; but becaiilc FO=:EO, 

Therefore the Lines FM^MG^OI* 

Hence it will be OP+FM=rFl j 

The Sine Sum of the Arches ; and alfo OP— FM^EL' 
The Sine of their Difference ^. E. Di 

CoroL L Hence becaufe the Diffcroaces of the 
Arches BE, BDj BF, are equal, BD will be an Arith- 
qictical Mean between BE and BF. 



-;.i^- 



.mi .. ^• 



(^rpl 



:^i :^:.M ^<;-:^:,.:.., 



so 
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Corol. IL Hence Radius : to J)ouble the Co-fine 
of the Mean Arch : : the Sine of the Difference of 
the Arches : to the Difference of the Sines of the 
cxtrcaih Arches. 

For we have CD : CK : : FO : FM, 

Confequently, CD : aCK : :F0 : aFMr=FG, 
The difference of the Sines EL, Fl. ^E.D. 




Theorem XXV. 

In fmall Arches, the 
Sines and Tangents of 
the fame Arches are near- 
ly to one another in the 
Ratio of Equality. 



'V 



Demonjiration. 

Bccaufe of the the Parallel Lines CB, DE, 
Thofe Triangles will be fimilar DAE, BACV 
Therefore (by Theor. XVO as AE: AC J 

: : DE : BC. — 

But as the Point ■*> — E 

Approaches to the Pomt ^ C 

The Difference — ^ EC 

fvill vanifli, in refpeft of the Arch DC 
\j "Whence the two Lines » AE, AC 

^ will be nearly equal j fo will DE, BC, 

be nearly equal. If — EC 

be lefs than the --.^^l ^^- Part of AC 
Then Ihall the Diff. of the Sine and Tan. BF • 

be lefs than the y^.^oV,??? Part of BCL 

Therefore, ec . ■ ■■ . . . ■ ^.E.D. 



Corol. 
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Corol Since anjr Arch is Icfs than the Tangent, 
and greater than its Sine, and the Sine and Tangent 
of a very (mall Arch are nearljr equal, Therefore 
the Arch Ihall V^ nearly equal to its Sine ; and fo in 
very fmall Arches it Ihall be, as Arch is to Arch, fo 
is Sine to Sine, 

A^ 



Theorem XXVL 

If the Angle BAC^ being in the 
Periphery of a Circle, be bifcfted 
by the Right-Line AD ; and if AG 
be produced until DE= AD meet it 
in E, then Ihall CE=AB. 




ABDG 
B 4- ACD 



Demonjtration. 

In the Fouf-fidcd Figure 

The Angles (by 72^0. XIII and L) , , 

are equal to two Right one$, and to DCE+DCA. 

Whence by {AxN.) the Angle B-DCE 

Alfo (by Theor. VI.) the Angle E=DAC 

And (by Suppofition) the Angle ^ — DAG^DAB. 

Alfo (by neor: XII.) the Side , CD=DB • 

Wherefore the Triangles BAD & CED, 

are equal ihy rhm.yill.) Therefore CE-^AB 

o^. £. D. 



l^eonm 
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Theorem XXVII. 

Let the Arches AB, BC, CD, 
DE, EF, ^c. be equal ; and 
let the Sabtcnfes of tne Arches 
AB, AC, AD, AE, &c. be 
drawn ; then will AB : AC : : 
AC : AB + AD : : AD : AC-i- 
AE::AE:AD+AF. 



Since the Angle i • -^— BAD 

is bifeded by the Right-Line ————— AC 
wc Ihall have (by Theor, XXVI.) DH=AB 

Solikewife Ihall EI=AC, and FK=AD. 

But the Ifoceks Triangles ^ ^^^ ^^ 

arc all Equiangular, by < — iTbeo. XXVL 



Wherefore it ^ ^ 
will be (by V : '. 
Ibeor. XV. ^ \ ': 



AD:AI=AC-f AE 
AE: AK=AD+AF. ^^]X 

Corol Bccaufc (by Tteer. XXIIL Corol. i.) AB: 
AC:: Radius : Double the Co-Sine of ^tfae Aich 
AB ; Therefore it will be. As Radius : to DoqUe the 
Co-Sine of i the Arch AB : : i AB : iAC : : IAC:\ 
AB+i AD : : iAD : i ACf i AE : : iAE : i AD+ 
lAF, ec 



Theorem XXVIIL . 

The Sides of Plain Triangles are 
to one another as the Sines of thdr 
^ oppofite AnglesL 

Dmotf 




ir^lfftnarica/ Theorems. 
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Demvnjfratffin. 



I. In the Acute Angled Triangle 
ifaSidebcbifcacd, as 



; ABC, 

, - AG 

thefi (by D^. XX.) Half the Side,") . ^ ^^ ^^ 

Vtz. • ■ ■ r^^> OIK.KX 

i*ill be the Sine of the Angles ADG, or CDG, 
and therefore (by Thecr. XII.) of the 7 . t>^ 
oppofitc Anglf, <■ ,-*- X -^^^ 

a. In the Right-Anglcd 1 .Tip 

Triatigle^ — r ^^^ 

The Sine of the Right- Angle BAG 

is the Radius or I the 7 rtx inr- 

OppofitcSidc j'iiA^=»B^ 

3. la the Oblique Angled 7 . gp 

Triangle — — — j > 

The Angle BAG B 

hath the fame SInC) as ^^^1 ftr <j 

Angle — — ——J * 



* (Fot' tfftty avfr other to other, tW C6mpl«iii«ftt to 

two KigRt ^Dfldt) byrS'ifpr. XIII. : :. 
BiAtb» Angle -*- — -—-— HI- -**-'*— KD^ 

. w (by 72>Mr,XII.>£qaail to the An|l« l-'r^*' BiiG 
Thbtifycc alfefeall — ^ *-^ -— * -— »E 




, Btf the Sine of the Anglo --.^.— *;^- «m.-i^ BAG. 
,. And thus ia every TrtaAgk (bd UeA^i fif the 
Sldbs ace the Siaes of their epi^ofice Angisaj kit 'tis 
^AtBCy the Side«» ftf e tor <Mi iaotitif 39 their If ^Ivds. 
Mrff, «ic — ;. — ^ -— ----* --Mr jg*. £. D. 
*AB. The Sine of an Arch and of its Gomplement 
to i8o Degrees, or two Right Angles, is all one. 

F theorem 
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Iheorem XXIX, 

In a Plain Triangle, As the 
Sum of the Legs, is to the Di^ 
ference of the Legs ; So is the 
Tangent of half the §um of the 
oppofite Angles to the Tan- 
gent of half their Difierence. 



Demonfirat'ton. 



Let the given Triangle be 



ABC. 



and let it be made BI=BA, BH=B(1 HF =s CD. 

alfo let the Lines ■- — BD,IG,AC, 

be parallel; and the Perpendicular Radios — i BE. 

Then will the Line -_ AH 

be the Sam of the Le^ 
and their Difference will be 



AB4*G 
IH. 

Alio the Sum of the oppofite Angles A+ACB 

wiU be (by <rheor. V.) the Angle CBH, 

the Half of which is the Angle — CBE, 

the Tangent whereof is » — — — - EC 

And fince (by new. VIII.) HBF=CBD=BCA 

and (by Ibtw, lU.) the Angle HBD:=sA 

Where- 
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/therefore the Difference of the Angles A—ACB 
/" ihall be the Angle ■ FBD, 

whofe Half is the Angle . EBD, 

the Tangent of which is ■ ED. 

But (by Hoeor. XV.) 7 As HI : HG : : HB : HD 

wc ftall have f : : HA : HC 

Subdad the Terms or Proportionals, HI, HG, 

the Remainders will be IB : BA ; : GD : DC. 
Whence wel — DC=DG=HF 

ihall have j" Gonfcquently, HG=DF 

and therefore . — : JHG=|DF=DE. 

And becaufe of limilar Triangles, AHG, IHG, 

it fhall be f As AIT: IH : : HC : HG 
(by ^e. XV.) 7 : • iHC : iHG : : EC : E D, 
Therefore as AH : IH : : EC : ED. 



'Theorem. XXX. 



Q^ E. D, 



In any plain Triangle, 

as the Bafe or Icngeft Side y--' X. 

is to the Sum of the other q/ \ 

two Sides ; So is the Dil- i """ -v^.^^ j u- 

Icrence of thofc Sides, to \ y/\^ 7^-*..^ 

the Difference of the Seg- J K ■ ^ — 76, — ^!-^^*^ 

ments of the Bafe. ^ •^-.E.-^' F 

Demonftration, "J 

In the Triangle ^ CBD, 

the Bafe or longeft Side is • *— — •— CD. ^Sjj 

The Sum of the other two Sides GD=CB+BD#*:, 
the Difference of which is ' — — HDU^Ji? 

The Segments of the Bafe arc ~r. CE, ED^^' 

whole Difference is ■ '■ » — FD. 

And becaufe (by <Tbeor. XVI.) DCxDF=GDxDH, 

Therefore 'twiU be, As IX: : GD : : DH : DF. 

F a That 
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Tbatia, AsthcBafc ^ — — -—.—*-. DC 

is to the Sum of the Side* - . 1 ... ■ -. GD 

So is their Difference ■ ■ > — — DH 

to the Diff. of the Seg. of the Bafc DF. 

Q, M. p. 

Theorem XXXT. 

y''' S \ The Sura and DiSk* 

/^ ••' Sr'""x '*• fence of any two Quan- 

/ /* ^ \ \ titles being given, the 

/ / -E \ \ Quantities themfclvca m 

^ 5" B O thereby given, 

Detnonjiratton. 

Suppofo the two unknown Quantities are") at> t^p 

reperfcnted by the two Lines S ^^ ^^ 

Let the Sum of both be AC=S, 

Then make AD=BC 

So (hall their DifFcrcnce be __ DB=X 
Alfo the half Sum is ■ ■ ■ ■ AE-^i^S. 

And the half Difference is EB=iX. 

S+X 

But it is ^ AE+EB= =AB. 

a 

c "ST . 

k Alfo it is ^ AE— EB=s— =BC. 

a. 
That is b Words, 
Half the Sum added to half the Dli&rcnce g^vcs 
the greater Quantity AB; and half the Difference 
deducted from half the Sum, leaves the leflcr Qaso- 
tjtyBC. ^.E,D, 

CHAR 
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CHAP. IV. 

Geometrical Problems. 

Troblem I. 

UPON^any given C . fI 

Point C, in a given ^>c * 

Line AB, to raife a Per- 
pcndicuUf. ^- 



TrMke. 

On each Side the Point • — • C, 

take an equal Diftance CA=CB^ 

then with one Foot of the Compafics in A and B 

with any Diftance greater than AC 

defcribe t^o interfering Arks, ab, cd, j 

Join the two Points ^. F, C,^ 

And 'tis the Perpendicular required, 

Trohlem II. 'x f 

To raife a Perpendicular .•** l\ 

iWJthc Point E, at the End of */ 

a given Line D E. " / 



% 




^ 
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Traaice. 

Set one Fdot of fhc Compailes in 

and pitch the other in any Point> - 

above, or over, the given Line 

with the fame Diftance on 

dcfcribe the Semicircle — 

Draw the INameter — j— — 

to cut the Semicircle in the Point 

Join the two Points , , — — —— F^ E J 

And it i3 the Perpendicular required. 



Trol^lem III. 




'^ j.'^U * From a Point given above 
a Line as P, to let fall a Pcr- 
^ pendlicular on the Lane ABi 



-••'I' 



TraEike. 

On the Point given — r- — — P 

with a Diftance greater than '-' -— — P E 

dcfcribe an Arch, as — " ■ ■' A ^ 

cutting the given Line in A, and B: 

Oa thofe Points, dcfcribe the two Arches, ab, efl 

then from the Point of Intcrfedion ^ I 

lay a Ruler to the Point — — T-— ^ 

and draw the Line — — " * E 

That 19 the Perpendicular required. 

IPnIbkm. 



Qeenmtrical Troblems. 
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Troblem IV. 



a^^e, 



yQy 



• ' To divide a given Right- 
liiie, as A E, into two equal 
Pajts^ i. €. to bifed it 



Tradike. 



lO^ 



£i 



\ : , 



6 • f *S 



Onthctwofenda, — — A,E 

with a (ulficicnt Diftancc, defcribc ab, eg, 



then from the Points of Interfedion, 
draw the Line 



<^>*; 



cf 
O 



cutting the given Line in — ^ 

and being juft in the Middle, it divides") An-.^Tr 
the Line into, the equal Parts j^AU=^£- 



TroblemY, 

To divide a given Angle ^ 
ABC into two eoual Parts, 
by the Right-line a b* 




On the Angular Point ^ .— 
at proper Diftance, defcribe the Arch, 
then on the Points ^ • ■ — 



B 

- eg 
, and g, 

defcribe the two interfering Arche?, a e, and d.ty 
join^the angular and interfeoing Points -r-*— >- B, fo, 

1>y the Right-Une , -*: rr^ — — - Bb, 

That Line divides the Angle into two equal Parts, 
as waa required^ . ^ro^lm 



;^ 



y 



40 



Tldin Tr'fgenomtry. 



TrobUm VI. 



> 



■^5=^ 



A a 



p To draw a Line paraltd 
-y — ^ to a given Rieht-lins at aa 



any given. Pittance. 



— AB 
ab 



In the given Line "~~" 

on any two Pdnts ~—— ~~ 

with the given Diftancc dcfcribe the 7 ^d c£ 

two Arches ~~ S ' 

on the Extreams of thole Arches g,]i 

draw a Right-line, which will be parallej fo the 
j^venLine, a»fequircd. 




To make a Righf-lincd Angle 
B, equal to a given Afiglc A. 



On the given Angle — — 
defcribe an Arch, as — — — * 

Then, h^^ng drawn »y Line — 

on the Point ' • *-— — ^ 

vftdithe fame Diftanee, aabefbie^ 

deiEcribc the Aedi - — - — • 

then fet off — - •— — — 

and through the Foinis — — -^ 

r^mrtbclUght^lkie 
Chen ftat) the Angle 
asreqiurcdt 



MMIItf 



— at 
I'd 

B 

— Ab 

— cd, 

— By Ci 

CBarraAb 
Problem 



■V. 



Omt^rk^l ^r^ius. 



4» 




ftotkmVm ^ _ , 

TodividcaRight-lme a.vJ "^ '^^ °V^P-B 
into any Kamber of e- i"^^ 1 \ \ 

qaal Parts \ Sy^pp^ift fix. S 

On the Ends of the given Line, rr-" — — Afi 

and on contrary Sides, draw the Lincs-rr^- AK,tec, 

parallel or at equal j^Lngle^ ; U»cn on ;> 

each make the Iquat Uiyirioi3S<>lf^^'fi.^> 

/Which Biuft be hot 5.) ^^^.^'.^>^'^* 

then draw the Faralleli -r , ajC, ^j, cJj, dg, ef, 

for they will divide the lane — — t~" 4^ 

iglp gx CQUsJ. Ejtte, In the Boiats — — J,p), r, oj p, 
as'was reqoired. 

7ro6lem IX. 

To4iM#ca,^Linc 
BC in the tomeTropor- 

With the two Lines mfke apy Angle "^ — - ABC 
and fappofe the I&c ' .s— — . .. A*^ 



Ox 




be dLnded in the Several Points — — a,b,c,d. 
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job the Points — — • ■ -r— — A^C, 

to which draw the Parallels, • ah, bg, cf, dc, 

thefe (hall divide the Line — i ■ ■ , - BC, 

in the fame Proportion in the Points, — e, i^ g, h^ 
(by Tbeor. XV.) as was required. 

• Trdblem X. 

To dcfcribe a Circle that 
fliall pafs thro' any three riv- 
en Points (not lying in a Right 
Line) as the Points A,B,U 

IPraSfice. ^ 

Join the Points — ^ A,B, and B,C, 

bifeft thofe Lines, by the Sines ^ a b and dc 

whofe Point of Interfedion-^ — ■ ■ ■ ■ c 

is the Center of the Circle paffing thro^7 ABC 
the three given Points, as was requirbd. J ^ V!^ 



TrobiemyH. ' 

To make an Equilatciil 
Triangle whofe Sides fevc- 
rally {hall be equal to the 
given Line A B. 



TraSiice. 

Draw the Line — — — • ^ CDsAB, 

tlien en the Points < C and D 

^^>^ and 
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and with the Diftancc 

dclcribc the two Arches * — 

intcrfe<ftbg each other in 

JoiA the Points • — 

and the equilater4l Triangle 

^ ivill be compleated, as required. 

"Problem XH. 



-CD, 
ab^ cd 
E 



•OE and DE 
GfiD 



To defcribe an libceles 
Triangle, whofe equal Legs 
fliall be each equal to a ^Ven 
%AVLZ AB^ and its other Side 
equal to another giveii Line 



a*^"-S;--''*"</ 




"PraStice. 



Make the Side 



and with the Diftancc of the Line — — AB> 



and on the Points- 



defcribe the twp Arch4» • 
interfering each otb# in 
Join the Points 



thpniwitl the Ifoceles Triangle 
be cdmpleatedi as. required* , 



- ab, and cd^ 

E 

-FE, and EG, 
--FEG 



if 



G a 



^roiUm 
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TrobUm XVl 



>- 


^r- 


--...;. 


E 


y'^ 






\ 




C 




JD 




A — 




B 



To cofiftrad a Rhom- 
bus, whofe Sides Audi be 
equal to the given Line 



Tra5fice. 

Draw the Line — r— — CP=AB, 

on the Central Point • — — — C. 

and with the Diftance •^— - — - C D 

defcribe the Arch — . — DEF. 

then from the Point — — ^— jy 

fet off on the Arch — DE, EF, 

each equal to the Line — — -^ CD, 

ioin the Points DE, EF, FC, 

And the Rhombus is conftruAed, as required. 

Tro&lem XVIL ^ 




.L 



To'cbnftruft aRhoiii- 
boidcs, whofe * oppofitb 
Sides ihall be feparatefv 
equal to two gtyep Lift^ 
A, B ; and whdfe itiigfe 
D Ihall. bc;^equalto>i^ 
given Anglc^C. 






9ramc0. 
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Traifke. 

Draw the Line ^ » ^ 

then on the Pomt " 

draw a Line ■ ■ f 
making the Angle — — 

then on the Lme - '■ 
fet off the Side ■■ ■ 

On the Points ^ ■ 
and with the Diflances 
defcribe the two Arches 
and from the Point of Intcrfeftion 
draw the Lines, or Sides 




ED, hGl 

ad,eK 

— F 

g5;fe 

And the Rhomboides is compleated, as required. 



Troilem XVIIL 

Toconftruflb aTra- 
pezionii whofe Angle 
G fhall be equal to the 
given Angle E, and its 
lour Sides feverally to 
the four Lines A^B^ 
C,D. 




Draw the Line 

and make the Angle 

alfo make the Side 

Then on the Points 

with the Diftances 

fweep two Arches interfefting in 

Job the Points - — * 

And the Trapezium is compleated^ as required. 



1 

J 



v.,;: 




■**•?■ 
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Trobkm XIX. 

To conftrua a Scale of Natural Siocs, Tangents, 
and Secants j alfo a Lbc of Chords, Rhumbs, and 
L.ongitudcs. 

TraEike. 

Defcribe a Circle — i ABDE 

which crofs with two Diameters ► AD, BE^ 

on the Pomt ^ B 

ereft the Perpdidicular • tJG/ 

parallel to which continue the Diameter DA 

infinitely towards ' . *■ F 

then graduate the quadrantal Arch >■ AS 

and thro' each Divifion, from the Center C 

draw Lmes to the Perpendicular * — •— BG 
which Perpendicular fliall ^ 
be the Tangent-Line, gra- > 10. ao. 30. 40. 6^. 
duatcd in the Points^. — ^ 

Then with one Foot of the Compafics in C 

transfer the Divifions of t^e Tangent • BG 

with the other Point to the Line m AF 

fo Ihall that be a Line of ' ) 
Secants, grad.uated in the > 10. aa 30. 40, &c. 

Points • S 

Then from the laid Divifions of the Arch -^-^ ^B 
fct fall Perpendiculars to the Radius ■ CB 

fo £ball that Radius be a Line "> 
of Right-Sines, graduated in p lo. 20. qo, ^c. 
the Points. i 

Alfo, if from the Point ^ E 

you draiy Lmes to the Divifions in -. • ,■ AB 

tWcy;wiII .graduate the Line AG 

for a Line of half Tangents, in 10. ao. %o. 40. iic. 
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Next graduate the Arch — — • AE 

and transfer thofe Divilions to the Chord Ar. 

fo ihall that be a Line of ) 
' Chords graduated in the >I0. ao. 30. 40. t?^. 

Points >• ■ J 

Divide the Semidiamctcr — — — CE 

into 60 equal Parts, in — — lO. ao. 30. ^c. 

from which drop Perpendiculars to the Arch ED 

transfer thofe Divifions m the Arch, to the 7 t^t) 

Chord — ^ S 

fo ihall that Chord be the Line "> 
of Longitudes, graduated in > to. ao. 30. &c: 

the Points »- — 3 

Laftly* divide the quadrantal Arch ■■■* BD 

into Eight equal Parts, in — — !• a. 3. 4. &c. 

then transfer thofe Divifions to Chord -— BD 
fo fhall that Chord be a Line of 7 . . , - i^a^ 
Rhumbs, graduated in the Points S * *• > ^ *'^- 

Thofe Lines being thus made and graduated, are 
to be placed appofitely on any Inflrument of Pafie- 
board. Wood, or Brafs, '^c. and this is what is cooh 
monly called the ^hinScalei which may be made 
of any Size according to the Kadios or Semidiame-' 
ter of the Circle. 

1iJ£. This Problem ought to be well und^rftood 
by every one who would nave a rational Knowledge 
mWgommitryy the Conflruftion of this Schemebc- 
ing the Grounds and Rationale of every Kind xtiix> 



CHAP. 



^he Conjiru^ion of SineSy Tangent s^ &c. 5 1 



C H A ?• V. 

Various Methods of CorjflrtSwg a Canon 
oj Natural Sines, Tangents, and Se- 
caats : ^IJo of the Logarithmetic Ca- 
non. 



»Tp H E firft Method for making Natural Sines, 
I i^c. is deduced from the foregoing Theorems. 

For, by Tlbeorem XVII, the Chord of 60 Degrees 
is equal to the Radius or Semidiamcter of the Cir- 
cle ; confequently, half the Radius is the Sine of 30 
Degrees; and therefore if Radius be fuppofed equal 
to looooooo Parts, the Sine of 30 Degrees fliall be 
equal to jooocdo of the faid Parts. 

Now, the Sine of the Arch of 30 Degrees being 
given* the Sine of the Arch of 15 Degrees is given 
alfo (or may be found) by Jb^orem XXII ; By the 
fame ^hiorem alfo, the oinc of ij Degrees being 
given, we Ihall have the Sine of 7 Dcg. and 50 Min. 
and this Sine being known, we ihali nnd the Sine of 
3 Dcg. 45 Mm. by the fame Theorem ; and thus pro- 
ceeding, till 12 BifeAions being made, we come to 
the Sine of an Arch of 52" 44'" 03"^' 45'"" whofe 
Co-Sine is nearly equal to Radius. 

In fuch a Cafe, 'tis evident by Theorem XXV, 
that Archc? arc proportional to their Sines j and 

H» therefore, 
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therefore, A3 the Arch of 52" 44'" 03'"' 45'"" i* 
to an Arch of one Minute ; So is the Sine of the 
Arch of 51" 44'" 05"" 45'"" to the Sine of an 
Arch of one Minute ; which therefore is thus known. 

The Sine of an Arch of one Minute being found, 
we find, by theorem XXI, its Co-Sine, or Sine of 
8^° i9'> and the Sine of an Arch of two Minutes 
will become known, by Theorem XXIII. and its Co- 
Sine alfo (or Sine of 89° 58') as beforcfaid. 

The Sines of the Arches of i' and a', as alfo 
their Co-Sines, viz the Sines of 89* ^^' and 80^ 5 8' 
being thus found ; if, in the Scheme to neo. XXVIL 
we make each of the Arches AB, BC,CDj i^c. equal 
to 2'; then iAB^i' ; and iACr=a' ; and iAD-3'; 
iSc and let the Co-Sine of one Minute, viz. 8jp^ ^^' 
be called K ; then the Sines of all the other Minutea 
of the Quadrant may be found by Cord, to the fidd 
I'heorem XXVII, and Corot. i. to ^Iheorem XXIIl. 

Thus the Proportion will be ; As R : aK : : S^e 
of a' : Sine of i' -f Sine of 3'; thus the Sine of 3^ 
is found, Alfo R 
the f^ine 

: S. 3'+ S. 5' ; wherelorc the Sine ol C is thus known. 
Alfo, As R : aK : : S. j' : S.4' + S.6'; and fothc 
Sine of 6' will be had, and in like manner wtU all 
the other Sines be cbtain'd. 

But, becaufe the Radius Is to Double Co-Sine of 
an Arch of one Minute, as 1 is to aj (for the Sine 
of 89** S9' is equal to Radius, to a Number of Fi- 
gures exceeding the Tables) therefore the above Pro-^ 
portions will fiand thus, 

As I : a::S.a':S. i' + S.3'; Asi :a::S,3' : 
S. a'+ S.4', &c. That is, if from the Double of any 
given Sine, be fubdu&ed the Sine of the Minute next 
before, there will rcmun the Sine cf die Minute 
next following. 

For 
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For Example, Sappoic the Sine of 6'' i ' were re- 
quired (all the precedent Sine* being found) the 
rropoiticm will be, As i : 2 : : S. 300' : S. ^^^' + 
S.361'. 

Therefore multiply the Sine of 3^' = 1045185 

J8y M ■ >■'■■* a 

From thatProduft ^090570 

Subduft the Sine of iS9 (-S"" 59') = 1042392 

There remains the fought Sine of 36 1 ' s= 1048178 

And thus by an eafy Multiplication and Subftra-* 
dtion all the Sines are found for every Minute of the 
Quadrant. 

If the Sines and Co-Sines of i' and a' be given: 
the Sines of the following Minutes may alfo be found 
by the Proportion in tor^l* IL to Tbeer^m XXIV* 
For thereby 'ifwill be, As Radios : to Double the 
Co-Sine ol a' : : Sine of i' : the Difiereacc of the 
Sines of i' and 3' : : Sine 2' : the Diftcrcncc of the 
Sines of o' and 4', thSt is, to the Sine of 4'. And 
thus the Sines of the four firft Minutes being given, 
we can thereby find the Sines of the others to b', and 
from thence to 16', and fo on till you arrive to De- 
grees. 

By the fame Proportion, the Sines of all the pre- 
cedent Degrees being given to any Arch, we find 
the Sine ot all fubfcquent Degrees to the Double of 
that Arch j As fuppofc, for Example, all the Sines 
to 15 Di^rees be given ; then, by the faid Analogy, 
all the Sines to 30 Degrees may oe found. For Ra- 
dius : Double the Co-Sine of 15° : : Sine 1^ : Diffe- 
rence of the Sines of 14^ and 16**:: S. 2*" : Diffe- 
rence of the Sines of 13^ and 17^ ; : S. 3^ : the Dif- 
ference 
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fcrcncc of the Sines of I a® and i8^, ^c. to the Sine 
of io\ Then, all the Sines to yf being given, As 
Radius : to Double the Co-Sine of 30^ (= Doubie 
the Sine of 60^; : : S. i'' : Difference of the Sines d" 
ap^ and 31^ : : S. a^ : Diffi of the Sines of a8^ and 
32'', 6^c. till you come to the Sine of (Sc^ But, in 
this Cafe, As Radius is to Double the Co-Sinc of 
30% fo is I to v' 3 == 1.7320508, ^c. and therefore 
if the Sines of the Diftances from the Mean Arch of 
30^ be multiplied by i .7320508 the Differences of 
the Sines will be obtained ; Since if Radius be i, the 
Double of the Co-Sinc of 30"* (or Sine of 6qP) will 
be equal to ^Z 3 = 1.7320508, ^c. as before. 

Hence the Sines of all Arches from the Begindinjg; of 
the Quadrant to 60 Degrees being given, diftant from 
each other by a given Interval^ all the other Sines 
to 90® are eafily ibund by one Addition only. For, 
in the Scheme to Theorm XXIV. if the Arch BD 
be equal to 60^ the Difference of the Sines FI and 
EL, Ihall be equal to the Sme FO of^the Difiancc 
FD from the Mean Arch of 60^ BD, ihat is FO=s 
FG ; becaufe CK = Sine of ^0% and therefore, CD 
being equal to 2CK, by Similarity of Triangles we 
ihall have FO ^ f FH=FG, as was faid. Now, if 
the Arches DF, DE, be each equal to^one Degree ; 
then Ihall the Arch BE=5p'', and, the Arch BFss 
61 ^ But the Sine FI of the Arch BF=6i% is c- 
qual to the Sine EL of the Arch BE = S9'' + the 
$ine FO (=FG) of the Arch FD=i% and there- 
fore the Sine 62°= S. 58° + S. 2^ ; And the a 6^'' 
= S. C7^ ^S.i'"', and the S. 64^ = S. 56° 45. 4** ; 
^c. fo on, till, by this continual Addition, all the 
Sines be compleated. 

Having by thefe Methods cpnftrufted a Canon or 
Table. 

Thep , 
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of natural Sines for everf Degree and Minute of the 
Quadrant, we may eafily find the Tangents and 6e«- 
cants by the Proporttoos in ^be$ftm XVIIL 

Thus^ for the Tat^ents, fay; Aa the Co-Sinc is 
to the Sine, fo is the Kadius to the Tangent ; 

And, As Co-Sine is to Radius, fo is BLadius to 
the Secant; that is, Divide the Square of Radius by 
the Q>-Sinc^ the Quoticrit is the Secant. But both 
the Tangents and Secants, will be beit and eafieft 
found by the Logarithms of the Sines, as I &all 
fhcw by and by. 

The next, which is alfo the bcft and mofl abib- 
lute Method of finding the Natural Sines and Go- 
Sines of ail Arches, is by a converging Scries. The 
firft that laid down a Series converging in Infinitum^ 
for this Purpofb, was that incomparable Mathematical 
Fhilofopher, Sir Ifaac Newion^ and after him it has 
been improved by othcij. Tnc Gcncfis, or Method 
of Fonptng fucn a Scnes, may be found in feveral 
Author^,' pafticularly, in Dcmckius's ^bilcf. Matbetn. 
Newton Allnffrata. .. 

By this Method of converRing Series the Arches 
muft be givCB) in order to find the Sines thereof, and 
therefore t]kp young Gepmeter muft know, that if th« 
Diameter of a Cirde he a, the Periphery, or whole 
Arch of fuch^a.Cifcte has been found (bjr very great 
Pains wd Indjoilry of the learned; to b^i m that Mea- 
fur?, 6.283i8i307i79i864769ai286766555)ooc76. 
firil of thefc Decimals arc iufiici 



But 6 or 7 of the firil of thefe Decimals are iufficient 
forUfe. If then the whole Qrcumference of a Cir- 
cle ^ 6l.d83i853,€?^. ooc fourth Part, wX 1.570^965^ 
i3c. win be the Length of the Aix±i of a Quadrant ; 
and l>eca»ie. ever^ Quadfiot contains 90 Degrees ; 
therefore a Nineueth rart of the laft Mumber, viz. 
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0.0174533, Be is the length of an Arch of one 
Degree,' and a Sixtieth of that, viz. aooo25)o888. Sc 
is the Mcafurc of an Arch of one Minutfe, aha by 
fuch kind of Divifioti the. Length or Meafure ot an 
Arch of any Numbet of Dcgfcea and Minutes, is to 
be found* 

In this Cafe then, the Radius (or Semidiameter) 
being i, and the Arch beiiie found as before, caU 
it A i and the Sine thereof will be 

1.13- "^ 1.2 3.4»5, i^.34.iA;r. ^ 

A^ 
riMT-^ST^S^ ^^- TbrCo-SinawiUbe 

A^ J. A^ _ A^ . A^ 

1.2. 1*2.3 4- i.2.3-4-i.6 w.34i07A 
Be The Tangent will be 

A+ ^' 4- i^ + J2A' . <?2A^ 
A+ ^3 4 — +— + 3-j.€J.. 

Theie Series in the Beginning of the Quadrant' 
when the Arch A is but final!, ioon conVerge^ For 
in the Series for the Sine, if the Arch does not ex- 
ceed lo Minutes, the two firft Terms thcrcojQ.trf*. 
A— gA' gives the Sine to i5Placcs of Figures j if 
die Arch' A be not greater than one Degree^ the 
three firft Terms will exhibit the Sine to 15 Pkoes 
of Figures : Yea, the two jiift will gjivc die Side as 
lar as the Tabfcs require. 
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Example^ 

The Lcn. of the Arch of i Deg, is ooi74532p=rA. 

The Logarithm whereof is '- — .8 2418772 

Multiply that by -= • 3 



The Produd is the Cube, viz.. A* .4.7156316 
Which divide by 6 =0.7781512- 

TheQuotien t is^ A ^ =ro.oooooo886i ==.3. 9474804 

Then from the firft Term — A =0.01 7453202^. 
Subftradt the fecond Term \AJ =0,000000886 * 



There remains the Sine of i deg.=o.oi74524o6 
the fame as in the Tables. 

Example (f the GhSine (f one Degree. 

The Logarithm of A, as before,— .8.2418772 
Which multiply by ■ a .. 

The Produd is the Log. of A' r=. 6.4837544 
From which fabftra(a the Log. of 2-:ro.30i03oo 

A* 

There remains — =.0001523 =.6.1827244 

Now from the firft Term, viz. Unity i.oooooco 

A* > . - 

Subftraa the fecond Term sQ.0001523 

X 2. 



There remains the Go-S. of I Dcgi— 0,5>^p8477 
thp fame »s lA the Tables. 



Example 
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Example of the Tangent cf one Degree. 

The Log. of A% as before, is— -• 4.72563 16 
Fromlvhich fubftraft the Log. oi^^o^ yjiiiz 

A} 

There remains--- =i 0.000001772 =.4.1485104 

Thercforp tp the firft Term A =:o.oi7453ip2 ^c. 

A^ 
Add t|ic fccond Term =0.000001772 

The Sam is the Tang, of i Dcg =0,017455064 

^ Hence \h manifeft, that only the two firft Terms 
in either of the Series arc neceffary for finding the J 
Sines, G)-Sines, and Taqgents, to 6 or 7 Pljurcs j 
(which is as, far as the Tables go) for all Archcl ; 
not exceeding ope Pegrec, But when the Arch b 
greater than ope Degree, more Terms of the Saies 
mnfl: be ufc4. So ^nat 4 Terms of the Series for 
Sines arc neceffary to find the Sine of 25 Degrees, 
true to but 6 Places of Figarcs. As will appear by 
the followbg Operation. 

The Logarithm of which is »p.63p8i7a 

Multiply that by . — ■ 3 I 

The Produft is the Log. of A ' =.8.pi p45i5 I 

FxorawhichfoMraft the Log^ of 6sso:778iita 

3^e$B.thcadTcr.~— r=Oj0i384Sa3=.S.T4i30O4 
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Again, the Logarithm of A* 13 —-*•. 8.1 990860 
From which fubft. the Log. of lao =2.0791812 

A* — "^ ' 

Rem. the 3dTer. — • r= 0.00013179 = .6.1 199048 

Laftly ; the Logarithm of A'' is .7.4787264 
From which fub£ the Log. of 5040=3.7024305 

A^ ~ • 

Rethc 4thTcr.—— -=0.0000005974^.3.7762899 

Hence, if from the firft Term A = 0.43633216 

A» 

we fubduft the fccond Term — sa 0.01384523 

A* 
and to the Remamder A iT =^ 042248703 

A^ 
wc add the third Term — =0^0013179 

A' A^ 
and again from thcSum A— ^4-— -=042261881 

A^ 
wcfubllraa the fourth Term — =6.600000^9 

The Remains die Sine of %$ Deg. = 042261823 

But this Newtman Series converging (b venr flow^ 
ly when the Arch is of any confiderable Lengthy 
and the more flowly, the greater the Arch is ; there- 
fore the late learned Dr. yotn Esil deviled other 
Series^ limilar to Sir yaalf^ in order /to remedjr 
^ Deficiencies i»f that *, and in thofc Scries of his 

{ 2 <;oii]^ 
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• - • • 

compofing, be Jfuppdicth the Afcb, whofe Sine is 

fought, is the Sum or Difference of two known 

Arches, viz,. A, and z j that is, A+*> or A — z^ 

And if the Sine of the Arch A be called ^, and the 

Co-Sine ^j then the Sine of the Arch A+«» will 

be thus expjefTed j 

'• ^ *" I i.a. i.a.3^ "^ i.a.3.4. ^ i.a.34.j. 
— 1 ^ ^ , ^^ ^ ^c. And the Co-Sine will be, 

*' I ~ 1.2.^ i.a.3''^ i.a.3.4* i*5t.3*4*i- 

- ^c. In like Manner the Sine ef 



i*2.3.4.5A 
the Arch A— « is ^ 

~ 1/^4,^5 €?^' And die Co-Sine thereof U 
^ I i.a. i.a.3. 1A34. «.a-34^i^ 
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Now, as all thefe Scries cafily flow from the A^irw- 
totiian ones, fo they may as ealily be illuftratcd by 
theorem XXIV. for, if (in the Scheme thereto) we 
put the Arch BD=A, and the Arch DP\ or DE 
=2 ; then Ihali the Arch BF=A-+-it ; and the Arch 
BE=A— « : and in the firft and fecond Scries, wc 
have a=DTs.j and b=OL 5 and the whole firft Sc- 
ries will be equal ito FI {viz. the Sine of A+ft ; ) 
and the whole fecond Series will be equal to CI 
(the Co-Sine of A+«'.) Alfo in the third and 
fourth Series, wc have a and b the fame as bciorCi 
and the whole third Scries =£L ; and the whole 
fourth Series =CL. And the Arch A is an Arith- 
metical Mean between the Arches A-f-a and A+«, 
by Corol. i. to that Theorem. And the DifTcrcnce of 
the Sines of the Arches A+x» and A, is 

^' I LOt i.a.3. i.a.3.4* iA3-4*i- 



assi^ 



^lIo^i^iK ^^- ^^ ^^ Di&rcncc of tbfi 
Arches A and A— ^ is 

' I "^ i.a. 1^.3. i>.34. '•2.3-4.i» 
+TT^T7- €?f' Whence the Sum of thofc 
I>iffexence9, b 
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And the Difference of the Differences, or fecond Dif- 
ference, is 

• i.o. 1.2.34. • 1.2.34.5.6. 

X DO ; that is, equal to Double the Sifte of the 
Mean Arch multiplied into a Yerfed Sine of the 
Arch Zr. 

Thia fecond Difference therefore is found by a ve- 
ry eafy Operation ; and having that, 'twill be as cafy 
to find the Sines of all Arches diilant from each o* 
ther by equal Intervals. 

But by the feventh Series, which is equal to Dou- 
ble of the Co-Sine of the Mean Arch drawn into 
the Sine of the Arch s^ is the moft ealy and ready 
Method for finding the Arch A-K, or BF. The 
Application of th^e infinite Series is evident by a 
due Confideration of the aforefaid Scheme, let the 
feveral Arches be what Lengths they will, provided 
th^ be in Arithmetical Propordon. 

The famous Mr. ffard^ in his Matbematida^s 
Guidey has propofed two Bio uadratic ad&ded Equa- 
tions, by which the Sine oi an Arch may be fiyind, 
without the Help of any precedent Sine. Bat I cooh 
ceive^ were the Reader to compare the Operations 
by the foregoing Series, and bv the Equations he has 

J>ropofed, the Preference muft needs be given to tbc 
brmer, as abundantly the moft natural, fimple^ and 
eafy, as well as expeditious; and therefpre I have 
not inierted diem nere : For, I purpoie to impo& 
on the young Stndent nothmg that is not of the 

Eeateft Gonfequence, and very ne(xflary for kim to 
acquainted withal* 
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But, tho' I have already Ihcvvn how, by having 
both the Sine and Co-Sine of any Arch g^ven, to find 
the Tangent of that Arch. 1 fhall now Ihew how^ 
by two Theoretnsj to find the Tangent, when only 
the Sine or the Co-Sine is given. 

In order to that, in Scheme to theorem XXV. 
let Radius AD=i ; the Sine DE==^; the Co-Sinc 
AE=^ ; and the Tangent CB=T. Then by an 
eafy Algebraic Procefs, we Ihall have the two follow- 
ing ^heoremsy viz. 

If the Sine be given, then V'-- =T* 

But if the Co-fine be'given, then V -yr — • =T* 

That is in Words, The Square Root of the Squaw 
of the Sine, divided by Unity, Icfs the Square of the 
Sine, is equal to the Tangent. Or, the Square 
Root of Unity, lefs the Square of the Co-Sine, di- 
vided by the Square of the Go-Sbe, is alfo equal to 
the Tangent. 

By the Methods abo/e ddiver'd, a Table or Ca- 
non of Natural Sines, Tangents, and Secants for the 
Arches pf every Minute and Degree of the Qua- 
drant, IS readily made or conftrudcd And farther, 
there is no Occaiion to proceed ; fince a Quadrant 
contains all the Sines, Tangents and Secants^ that 
can be form'd for any Arch of the Circle ; for, as 
'tis evident, we cannot fpeak of the Sine of an Arch 
greater than 1 80 Degrees, or a Semicircle, fo 'tis as 
plain, that the Sine of ^ny given Arch, is alfo the 
Sine of that; Arches Coi^plettient to 180 Degree^; 
thus the Sine of 1^ Deg. is alio the Sine of 15a Dcg* 
tile Reafon of^ wHch is obvioua from the Dgfinitipo 

9£ 



1 



64 ^lain Trigonometry. 

•of thofc Lines, and the Schemes thereto. And 
hence the Ambiguities attcndingthc tSolution of forac 
Cafes of Oblique Angled Vlain Triangles ; the Means 
of rcfolving which Ihall be taught in due Place. 

Having a Table of Natural Sines, Tangents and 
Secants, conftrudtcd as has been taught, ready at 
Hand ; we may thereby rcfolve all the Gales of Plain 
and Spherical Trigonometry, and feveral have taught 
the Art in no other Way. But as the Operations oy 
Natural Numbers (which confift of feveral Places of 
Figures) were very operofe and tedious, being large 
Multiplications and Divifions, fo the Wit, Invention 
and Induftry of Artifts was undoubtedly often cx- 
ercifed to find out fome other more cafy and expe- 
ditious Methods of performing fo general, neceuary 
and ufeful a Part of Art. And at length the grand 
pejideratum appeared, exceeding all their \vifltCjL 
m the Difcovery of an Art (or rather, as I niajr call 
it, a Numerical Kind of Magick) noble as its Au- 
thor, the wonderful Art ol Logarithms, invented at 
firft by the Lord Neiper^ Baron of Mercbifion in &(?/- 
land^ and firft publiflied at Edenhurgh^ in the Year 
1614. 

^ By this moft excellent Art, the elaborate C)pera- 
tions of Multiplication and Divifion are perform'd 
bjr Addition and Subftraftion only of two Logarith- 
mic Numbers, and confequently the whole Bufinels 
of Trigonometry is wonderfully facilitated and ex- 
pedited thereby. The Logarithms therefore of the 
Numbers exprefling the Natural Sines, Tangents and 
Secants, being difpofed into Tables, are called Ar- 
tificial Sines, Tangents, iSc. and with them we work 
now-a-days inftead of the other. But, if any Tie 
not acquainted with the Ufe of Logarithms, they 
may complcatly learn it, after the .beft Manner, Id 
mv new Syftem of Decimal Jritbimic. 

CHAP. 
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II M I, 'ff . ^ 

CHAP. VL 

Of the Solution ofth Six Cafes of Right- 
angled Plain Triangles* 



HA V I N G in the precedent Theorems tully 
exhibited the Rationale, or true Reafon and 
idation of the whole Dodrinc of ^lain Trigovo^ 
tnetry^ and the Manner of Forming Analogies, or 
Proportions for practical Calculations ; I fliall here 

grefcnt the Reader with a Synopfid, or General 
cheme of the whole Dodtrine of Right-angled Plain 
Triangles in one View j And according to what is 
given, and what Side is made Radius in any Trian- 
gle, the feveral Proportions are exhibited for find- 
ing the ^^tf^ir/^^ in particular Cafes. 

The Cafes of Right-angled Plain Triangles are id 
Number Six : For, fince all the Parts ot a Trian- 
gle are but Six, viz,, three Siides and three Angles J 
and one of thcfe, viz^ the Right- Angle, is always 
known ; there can be but five of thofe Parts un- 
known ; and two t)f thofe being the two Acute An- 
gles, which together are always equal to a Right 
Angle, or j)0 I>:grees, if one ot. them be known, the 
other muft of Meccflity, therefore both thofe Acute 
Angles can be reckoned no more than as one Datum^ 
or ^uafitum^ which, with the three Sides, make but 
four Things in the Triangle unknown, and any two of 
whicTi is fufficicnt (with the Right- Angle) to find 
the Reft. But the Combination of two Quantities 
in Four, are but Six- Therefore the Cafes of Right- 
angled Trigonometry are but Six, which follow. 

K The 
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The S^lutitm of Ktght-angled Triangles. 6y 

In this Synopfis tis maoifeft that when two Sides of 
a Triangle arc given, tis necefiary to make one of them 
Radius in order to woik by Proportions, or folvc the 
Gife bv Sines, Tangents, f^i^ Secants; as appears in 
the IV Cafe of the firft Triangle, the V Gate of the 
3d, and VI Cafe of the ad Triangle, v^hcre there is 
wrote, jifjahgiiscaretj i.e. Itwanteth Proportions* 

Now to the Solution of the foregoing Cafes, in 
Order to which divers Methods may be ufed, as Oc- 
cafion or Nrceflity Ihall require. Some of which arc 
moil General, extending to all the Cafes of all Idnd of 
Tri angles, others are particularplbmearenioftexa& and 
accurate, others more uncertain, and near the Truth 
only : Some are performed by Numbers only, fome by 
Numbers and Species; and others by Inftruments of 
fcveral Kinds. The principal Methods for rcfolving 
thefeveral Cafes of Triangles are thofe which follow : 

Method h By Lc^ararithmic Sines, Tangents, and 

Secants. 
Method 11. By Natural Sines, Tangents and Secants* 
Method II r. fey the Trigonometrical flidiM; Scale. 
Method IV. By Guntera Trigonometrical Scale, and 

dompaflcs. 
Method V. Bv the Seftor. 
Method VI. By Geometrical Conftru6lion. 
Method VII. and VIII. By the Pradical Trigon, and 

Sinical Quadrant. 
Method IX. By Natural Arithmetic. 
Method X. By Algebra, or Analytical Inveftigationw 

Of all thofc Methods, the Firft is moft accurate, 
cafy, and expeditious ; and Ihould be always ufed by 
the Y oung Trigonomcter, when ever they can. It 
will not, r prefume, be unacceptable to thofe Young 
and Ingenious Students who delires a thorough Know- 
ledge In this moft cOnoprehcnlive and ufeful Part (or 

K a rather 
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rather, Summary) of the Mathematicks^ to have thofe 
ievcral Methods above-mcntion'd ca[einplificd in fuch 
Cafes wherein each Method is more particularly nc- 
ceffarv ; afid this will be, to the appreheofive Youth, 
as fulficient, as if every Cafe in every Trianglfe were 
treated in every particular Method it was capable of j 
which would of it fell make a large Yohime. 

In order that the Young Trigonometcr maypix)- 
ceed with Clearnefs and Certainty, I fhall laj down 
the fbllowbg Precepts, which he meft carefully ob- 
ferre in his Operations, elpccially thofe which are 
wrote by Analogy. 

•Pfff#pr I. In forming jrou Analogies, you nnifl: always 
compare oppofitc iiides to oppofitc Angles y and 
contra. 

precept 11. When a Side is required, you muft begin 
with an Angle; and when an Angle is fought^ be** 
gb with a Side. 

Precept III. When the Hypothenufc is given, you 
tnuftwork with the Sine or Co-Sine accordbg u 
the Side fought, is oppofite or adjacent to the given 
Angle. 

precept IV. When the Hypothenufe is not known, 
you mui): work with^^ngents and Co-Tangents, 
or with Secants: according as the Side is oppofi:^ 

' or adjacent to the An'glfe. 
:^ Precept V. Confider, that there is in the, Tables of 
Sines, Tangents, jE^^. a Triangle exaftly limilar to 
the Triangle you are to fotve; and whofe Sides 
cxpreflcd in the Tables, are in the very fame Pro- 
portion as thole of the Triangle propofcd. 

Precept VI. Therefore (by Thmem XV.) yon muft 
fay, As the Len^h ot any one Side, in Inches, 
Yards, Miles, ^c. of the tabular Triangle is to a 
fimilarSide of the fame Meifure inyour Triangle ; 

'. So is any other Side of th'* tabular Triangle, to the 



The Sdhaion of Right-angled Triangles. 6^ 

iiiBilar Side fought in yoor given Triangle ; which 
Sides muft be properly expreiled by incept 3. 4. 
^me^ VII. When you arc to ufc the Tables of Lo- 
Mtithtns, if it be for the Logarithm of a Common 
Number^ whidi in the Tables proceed from i to 
looo^ look in the Column under the Letter N, for 
the gtrenNumber^and right againft it m the Column 
under the Word Logarith. you find its Logarithm : 
Thus^ againft the natural Namber iLi6s you find 

its Logarithm, 3.3354579- ^ ■ ^.^ 
Vreceft VIII. If you are to find the Logarithm pf 
any Sine, Tangent, or Secant of any Angle: ftck, 
in the Canon ofArtificial Sines, Tangent^, ^c. for 
the Degrees on the Top of the Page, and the Min- 
utes in the firft Left-hand Column downward un- 
der the Letter M; if the Degrees be under 45^. 
thus againft o,f 47'you find the Logarithm of the 
Sine (under the Worcjtio^. &nus) to be 9.6384585, 
and the Tangent (under the Word Log. Tang.) to 
be 9.6840011. 
<Precept IX. If your Pegrcfcs4>e more than 45*, jovl 
muft fcek the Degrees at; the Bottom of the Page, 
and the Minutes m the Righc-hand Column up- 
wards; and thus againft 57° 35' you find the Sine 
(under Log. Sim) to ber.$t $11643 10 ; and the Tan- 

§cnt (under Leg.^/av^ to be 10.1972075. After 
le fame manner, the JNatural Sines, Tangents, ^c. 
are to be found. 
'(Precept X. If the Table of Logarithmic Sines and 
Tangents contain alfo Logarithmic Secants, they 
are to be found as before directed for Sines and 
Tangents. But becaufe few Tables do, you muft, 
in Cafe they are wanting, proceed ^ftcr this Man- 
ner ; From double the Leg. RadiuSy (which is al- 
ways aaooooooo) fubtraot the Log Co-Sifiey the 
Jjfg. 5ff0ni will wtaain* Example of ^* 3S* 

Thqs 

N 

a. •■ 
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Thai from the Double RiuiiQa -— lo/xxxxKO 

Sabtrad the Log. Co-Sine of $7"^ 35' — > 97291234 
There remains 0>y Ww. XVIlr.) the7 ,^ ^..,-«^« 

Co-Secant thereof ^ — ^ |=:iaa707766 

^ncett KL If you have a Logarithm, and would 
fipa the Nomtier; or if it be the Logaritbnf of a 
Sine, Tangent^ Qc. and you would find the De- 
grees and Minutes anfwer thereto; proceed with 
the Logarithm to the Table, and take either the 
Number, or the Degrees and Minutes which fiand 
agaioft tne Logarithm next lefs than yours. Thus 
agaioft the Logarithm next lefs to % 855391 a I find 
the Number 768 ^ and i^nil the Logarithmic 
Sine next Icfc than 9^^52379 I find 6^^ 22'. 
liote. The -Places of Figures in the Number foug;fat| 
muft be always one more, than the Index ottbe 
Logarithm. 
^incept XIL In your Operations, if Radius be the 
£;'ft Term in your Proportions, you perform then 
by Addition only; which may alio be done in any 
other Cafe ; if infteaif lof the firft Ttfrm, ;^ou put i» 
Arithmetical Complement {which is nothing out its 
Complement to 10.0000000) then ad^ all the thr^ 
Terms together, and the Suiiifreje&mg Radius) is 
thp fourth Term which is fougnt. The Arithmetic 
Cono^lcment is moft eafity had, by meiltaU> fob- 
iira£nng each Figure of the Log. &om Nine, and 
the laft from Ten; beginning from the Left-hand, 
thus the Arithmetic Compleinent of the Lo^^tbm 
4.58828^2 is 541 17108, and 'tis moft ingcnicfus to 
work this way, as well as moft expeditioua. 
Thcfe twelve ^rfcipts njuft be well imprinted in 
the Memory of all who would be^ady and dexterous 
in this ttioii excellent Art . Now to the Matter in 
Hand diredly^ viz. The Rcfolution of Triai^ltaao- 
cording to yanous Methods abovc-mwtioned. 

CHAP 
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CHAP. VII. 

Of the Firfl Methad of Sohnng Ri^hf^ 
angled Plain Triangles^ by udrtificial 
Sinesy Tangents and Secants. 

IT will be fufficicot to exemplify and illoftrate this 
and fbme other Methods, in the Solatton of the 
firft Cafe only ; fince hy making each Side Radius 
therein all the Variety of Profjortions by Sines, Tan- 
g;ents and Secants, will come into Ufe, as is evident 
m the Sjfuopfis. 

And m order to make the whole Affair plain and 
evident to the yoong and untaught Faculties of Tyra^d^ 
I Ihall proceed b an 'tiaufuat Manner, and by a new 
kind (^Scheme, whereby the Reafon of every Part 
of the Operation will be dbidous, and eafy to be 
oinderftood "' 

The Scheme is a Quadrant of a Qrclc, in which 
is difcribeda Triangle, conlifting partly of black and[ 
partly (^dotted laocsi viz. aBc, the very fmall Part 
thereof tcrmbated by black Lines, viz. ABC, repre- 
fents the Triangle given to be refolv'd, and is like or 
iimilar to firft Great One, which may be call'd the 
Oridnal, or Tabular Triangle; bccaufe all the dot- 
ted Tart reprefents that which is contained in the Ta- 
bles, And becaufc every Side of the Original or Ta- 
bular Triangle is known in the Tables, and the given 
Oneb every Part fimilar thereto, therefore the 4^^- 
yita of tE^propofcd Triangle is found by fuch Ana- 
logy or Proportion ; as fer fh^cr. XV . and ^hectft V. 

The 
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The Sides of the Originai Triangles are compoCed 
in fuch Parts as the Radius confifti of loooooooocx), 
the Logarithm of which Nomber 10.COOOOOO, asm 
the Table. Accordmgly the Mhpp Sides, as they arc 
Sines or Tangents, confifts of Ie(s or more of thole 
Parts ; and the Jodicies of their Logarithms are Ids 
or greater likewife. 

But notwithftandicg the Sides of the Original Tri- 
angle are calculated tt> Eight, Nine, Ten, t^c. Places 
of Figures, for which Number of Places alfb the 
Logarithms are made and fitted; yet becaufe m 
working Proportions the Truth may be attainpd to, 
with a fufficient Exa&nefs, by a Icfler Number of 
Figures, therefore the Natural Numbers in the Ta- 
bles exceed not Seven or Eight Places in general 

And therefore (for Example) when in the Artifi- 
cial Canon, you fee the I^g. Sine 36^ 30' to be 
0.7743876 ; whole Index being 9, ihews its Natural 
Number to confift of Ten Places; but yet in the 
Natund Canon, you^find only the Number j^SlaB 
to exprcfs that Sine, which Number hath Imt Seven 
Places; therefore the three dificicnt Places muft be 
fupplied by Cyphers, and then the Number will be 
5948a!28ooo, compleat in Numbor of Places, thoi^ 
dcie&ive in its Figures or Valuc^ yet fu/Gcient jtar 
Ufe . 

Thefe Things premifcd difplay the whole Nature 
and Miflcry of Trigonometrical Calcolatidfn j to 
which I now proceed* 



Cai^ 



MttMt. By the Legd^itBMtk Canon. f3 
Triangle t 




The Tabular Side, <»rStae of ^ SojSj^podoir 

7Be Analogy for the Pcrpcn^cular AC 

As sC : AB : : sB : AC, in the feresoing S^mv 
rbat isy At aB : AB : : ftc \ AC^ in ^ S^me, by 
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In Words thus ; 
As the Tabular . hogatitbrn 

Original Trian.} ^— * 

Is to the Side or ^ 

SineofC=c,in^ ABi= a30 = 2.3617^78 

the given Tri. S 
So is the Tabular J 

it^-T..1"hef « = 5748.^8000 =_^7743^ 
Orig. Triangle) I2,i36n54 

To the Side or) 

Sine of B.. in> AC= 170,2 = 2.230^367 

the given Tri ) 

J he Analogy for the Side BC, or Hypothcnufe. 

As sB : AG : : R : BiC That is, 
As ac : AC : : Be : BC, in the Scheme* 
In Words, 
AsrheTabuJarSIde^ 
or Sine of B ^-^6' 30° > ac = 59482281500=^.7743876 

in thcOrig.Trian.) — r— 

Is to the 5idc orp 
Sine of B, in the C AC = 170,2= 2.23093<^ . 
given Triangle, S • ^ *,..'.' 

So is the 1 abufarl rj ' ^ ^ "n ' 

Radius |Bcc:lCCOOOaQCOCO=:19.CODO00a 

TothcHypothen.) ... -^r-nrrr— — 

made Radius, in S BC = 286,1 = 2.4^65491 

ihc given Triarg, ) 

Thus the Meafuresof the Sides. AC.-and BC^,df the 
eivcn Tricingle, are found by Sines, or.Proporiticoof 
Sides fb caird, in cither Triangle ; and by the fame 
Data^ the fame Sides arc 5p be Ibund by Tangents 
«icl Secants, thus j CASE 
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Cafe I. the Bafe made Radius. 
Triangle II. " 




The Tabqlar Radius icx)ocx>ooooo. 

\ % 9 



Ihe Analogy for the Perpendicular AC. 

As R : AB ; : tB : AC That is, 
As aB : AB : : ac : AC, in the Scheme. 



La 
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ItL Words, LigarHbm 

"Radtu. "^^^ } *B=*icoooc300oco«iaooooooo 

So is the Tabular ) 
Tangent of B=^> ac = 7399611000=9.8692089 

TJ* JnaUfgyfor the Hypothenufc BC. 

As Bw : AB : : scB : BG. That is, 
As aB : AB : : Be : BC, in the Scheme. 

In Words, 
As the Tabular 1 ab=ioocxxx)occo=io.coooooo 

So is the Tabular > V • 

Secant ot B= >BC=i 24400260002=1 0.094821 3 

36' 30^ s 

To the Secant 
Hypothcnufe 



1 o the Secant^j, ^^ = a86.i=*z45<5i49« 



Thus the Dimenfi6ns of the fame Sides arc found 
by the Proportions of Tangents and Secants, as was 
before found by Sines ; ttc feme tiding will happen 
when the Perpendicular is made Radius 3 as m the 
following Scheme. 

CASE 
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Caic i. Fefpeodicular MM^Ar Radius. 
Triangle III. 




llie Tatnilar Tangent of c:= 1351 4a240CQ> 
The 4Mk0fer the Perpendicular AC. 

As tC : AB ; : R : AC That ls» 
As aB : AB : : ac : AC, in tiic Scheme. 

Li Words, Jjnimtimi 

^oflt" i" Tg^laB=^35i4aa4cpo =io.'3079ii 
Is^i^^ thc Taagent |^3^ ^^^^ ^ ^^^^^^^ 

^adiS5tI-^^='0°°°^°^=^^^ 
To Radius Perpend. AC =; 170,1= a.2309367 
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The Analog far the Hypothcnufe BC 

As R : AC : : scG : EC. That is. 
As ac : AC : : Be : BC, in the Scheme. 

In Words, 

As the Tabular 7 gc-iocx)0ocococ=io.oocx)ooo 
Radius 3 ^ 

Sb is the Tabular) ^' '^ -^-y , 
Secant ot c = 53'>Bc=i68ii730ooo^io.aa56i24 
30«. ^ ^- 

To the Secant Hyp. BC=: !i8o,rr= 24565491 

Thus the Young Trigonometcr may fee the Har- 
mony j3iXi(X Agreement of all the various Ways of 
working by Sines^ Tarige^ts and Secants ^ the lame 
Couclulions rclultmg equally froni each "^particular 
Method. •A 

The Lfig2rtthm Secants f if not in your Tables) may 
be found as directed in "^Precept X. " But Proportions 
by Secants are fcldom neccifary. efpecially to the 
Skillful; and I have only given Example thereof^for 
Variety and Example's fake. 

I faid before, that having illuilratedthe Firft Gifc 
of 'Plain Right ^affgled Tnangles^ in all the Variety of 
Methods and Analogies, it would be nccdlcfs to do 
any more 5 the other Cafes in the foregoing Synopfis 
being wrongbt after a like Manner, and their i'ropor- 
tions being: there Ipecificd, niuft of Courfe be caly to 
thole who undefiland this firft Cafe ; efpecially as I 
have now explained and exemplified it by aqew and 
moil demonllrative Method. 

' CHAP^ 
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C^H A R VIII. 

Of the Secofjd Mahod of ^ohhg Righu 
angled Plain Triangles^ by Natural 
Sines ^ Tangents and Secants. 



THIS Mcthocl thopgb firfthi Nature and Ufc^ 
I have here placed Second in Order j the Rea- 
fon wh V Tjagarithmmc Cakulatim ' is ; allowed Prio- 
rity oi Order has been already affignM; and the 
Reafon why the Method hy Natural hims^ Taj7^emsy 
&c. has Precedence of other more ufeful Methodd 
which follow, is on Account of its being the Origi- 
nal, moft Natural, 'and the Foundation of moft 
others 

This Chapter caOTOt be fogcnefallj^Qfcful as the 
foregoing, by Reafon this Method of Natural Swes^ 
€^r. is now grown oblbletc and unuled by any Perfons^ 
excepting only fuch as either have not any Table of 
j4rtific$a7 ShieSj Tavge)9tiy or elfe knows not how to 
ufethem; and for their Sakes I Ihall illuftrate this 
Method by all the Varieties of Sines^ 7angtvts and 
Secants^ in the Refclution of the KirllCifc oi Ri^Jbt^ 
avgled TriavgleSy as in the laft Chapter. 

The Schemes and Analogies there uled, will like- 
wife ferve here; the Natural Numbers (without the 
additional Cyphers) as they are taken from the Ta- 
bles, arc here only ufcd. 

Cafe 
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0& I. Scheitie I. 
The Hypothedoie nuub Radiua. 
C The Bafe ABT=ajo > « ^ CVcraatA. AG 

The Jnahj^ for the Perpendictilar AC. 

As sG : AB : : sB : AC, in the Svnopfis. 
Thfttis, As «B : AB : : «c : AC, in the Scheme. 

Tbefam in Kamben, viitb the Ope(atioo. 

A» S038569 : 250 : : 5p4Saa8 : 170,17^, &c; 

230 

11890456 
fio^li^p) f 368090440 (i7o,iJ^f^AC 

35413554 

^a %83 

•• 14356 «o.o 
., 8038569 / 

•<^5«753io 
56269983 

•69om7o. 
64308 55a- 

47447>8- 
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The Analogy for. the Hypothwufe BC. 

. As eB : AC : : R : BC, in the Sjmopfis. 
As «c : AG ; ; Be : BC, in the Scheme. 

defame in Nambcw 'y-aaitb the Operation. 

As 594Saa8 : 170.17S : : 10060000 : 186.08, ^e, 

lOOOOOOO 



5p48aaS; 1701780000 a86.o8, £?tf. = BC. 
'ii8p6456' 

5iao344b 
. 475*5824 



36176160 

35685)368 

»—— j> 

• '48679200 
47585824 

■■.... .• ■ ii ■ 
1093376 



The Dimenfions of the Sides ot the Tri^igte, are 
by this Method found to be the fame as by the laft|^ ! 
very nearly; For if great Eiadnels be required, or; 
many Places of Decunals, 'twill be furefl: and fafeft, 
fometimes^ to 'work by this Method of Natural 
Numbers. 

The Bale mad^ Radius ; Scheme II. 

The Analogy for KCk. 

As R : AB : : tB : AG. That is, 
As aB : AB : : ac : AC, in the Scheme, 

* M "tht 
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^€ fame in^yxxxA^n\ «;/>lr fife Operation. 

As looooooo : a30 : : 73PP<^ii : 170.19, ^c. 

230 

121988330 
i47P9aaa 



looooooo) 1701910530 (1701 9, €?ir.=AG 

The Analogy for BC. 

As R : AB : : scB : BG That is, 
As aB : AB : : cB : BG, in tljc Scheme. 

The fame in Numbers j with the Operation* 

As iboooooo : 230 : : ia44ooi(S : a86.i2,f?^. 

230 ' 

I ■ m 

* 37^200780 

44880051 



r ; loooocoo) a8lSi205p8o (186.12, &c. =BG 
The Vtxi^eoMcvihx made Radius. Scheme III. 

The -^nahgy for A.C, 

As tC : AB : : R : AG. That is, 

As aB : AB ; ; ac : AG, in tke Schcmc» 



5*# 



^ 
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defame in Nambers; witb /;&» Operation. 
As 13514124 : 230 : ; loooooop : 170.1P, Qc, 

13514224) a3oooooocx) {i7o.\%iSc.=KC. 
13514224 

•94857760 
P45PPi68 



••2581^200 
13514224 

123049760 
12^628016 



• '1421744 

7he Analogy for BC. *" 

As R : AC ; : »cC : BC. That is, 
As ac : AC ; : Be : BC, \xc the Scheme. 

Ihe fame in Numbers j witb the Opcratioa 

As looooooo -.lyoA^iy^e. : : 16811730 : 286.i2,y<?. 

17c. ipi 

1681 1730 

1681173 . 
I 176821 10 
1681173 

C=BC. 

lOoooooo) 286.1205140430 (286.12, €?tf. 

Ma . Thi» 
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Thus is the Firft Cafe, in all its Varieties, rcfolvcd 
by the Method of Natural Numbers ; and after tl^b 
manner may all the other Gifts be refolved 5 there 
being nothing new or dificrcnt therein from what is 
here done. 

And, as I have hinted before, this Method may 
in feme Cafes be more preferable than the foregoing 
by Logarithms ; for though that be moft expedite and 
ca{y, yet this gives. the Anfwer with grcatcft Exad- 
nefs ; clpccially where the Numbers of the given 
Triangle be large, and the Decimal Parts required to 
4 or 5 Places, which fometimes does happen. 

It mull be obftrved alfo, that when Radius is the 
Firft Term in the jinakg^^ the Solution will be moft 
exa<a, and the Operation more eafy ; as may be fecn 
in Scheme II and lIL 



CHAP. IX. 



Of Solving Right-angled Plain Triangles 
by the Third Method^ viz. by the Tri^ 
gonometrical Sliding-Rule. 



THIS Third Method by the SJidhg Rule is the 
moft ready and pracftical Way ot any ; and is 
for the moft part pretty exad; though when the 
Quantity of the Angle (of which you ule the Sine or 
Tangent) exceeds 40 or 50 Degrees ; then great Ex- 
adncfs muft not be expected by the common lized 
Rule, which is a Foot long^ But the longer the 
Rule is, the better or more cxaft and ufcful it will 

be 
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be of G)ti(eqaence ; and where much Fradice in Tri- 
gontmetiy happens, it may be worth while to have 
one made 4, 5, or 6 Fe?t long. 

A Defiriftion of the Sliding Rule. 

This Rule, as I have faid, is ^nerally about 11 
Inches in Length, and docs confift of two Parts, ^oiz. 
a fixed and a moveable Part or Slider ; on each of 
which arc certain graduated Lints, ferving for divers 
Purpofcs ; As !• A Line of Inch Meafurc on one of 
the Edges. 1, A Line of Equal Parts, marked at the 
Beginning EV. 3. Adjoined to that, a Line of Me- 
ridional Parts, for graduating Mercator^sCbarty mark- 
ed M. 4. A Line of Leagues, marked Leag. and, 
5. A Line of Longitudes fitted thereto, marked 
M Lofj. 6. A Line of Rhumbs fitted thereto. 7. A 
Line of Chords, the one marked R. the other C. 
The four Lines laft mentioned, fcrve to the Ufes of 
Navigation. 8. On the other Side the Rule, on one 
Extremity is another Line of Inches ; and, 9. On 
the other Extremity, a Line of the fkme Length, 
graduated into iCO equal Parts ; by means of thelc 
two Lines, is given by Infpe&ion, the Decimal Parts 
anfwering to any Number of Inches and Parts of an 
Inch. 10. On one Side the Rule, on each Side the 
Grove, is placed a Line of Numbers, or GunUr^s Lim^ 
marked ly. 1 1. On the other Side the Rule, on one 
Side the Grove, is a Line of Sines, marked S. I2, 
On the other Side the Grove, is a Line of Tangents, 
marked T. 13. On one of the §lider or moveable 
Piece, is a Line of Sines; and, 14. A Line of Tan- 
gents, both marked as before. 15. On the other Side 
the Slider, is a Line of Numbers : and, 16. A Line 
of Rumb-Sines ; and thefe Lines I have now defcribcd 
arc all that arc ufually put on the Slides ^^'^j ^ 
Inftrumcnt here ipokcn o£ Of 
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Of all thofc Lines, the Litjes'oftJumberSy SintssxA 
Tange/JtSj arc the only ones ufed in folving a ^lain 
Triaijgk'^ and becaufe it will not a little conduce to 
iorm a right Notion of uling them, I fhall hint a 
Word or two concerning their Make and Gonftrud- 
ion : The IJne of Numbers is Nothing but the Loga^ 
rithms of the Natural Numbers^ taken out of the 
Tables and laid on the Line, not regarding the In- 
dices of the Logarithms. Thus for the greater Di- 
vifions of the faid Line, viz. from i to roVthc Lh 
garithms to be taken from a Scale of equal ^arts, for 
each Divifion on the Line, Hand thus, 

Vivijiom 'a. 3. 4. 5- 6. 7. 8. p. 
Logarithms .301 .477 .602 .698 .778 .845 .903 .954 

For the IcflcrDivifions between i & 2, 2 & 3, £5^. (hus, 

Bivifwn I.I. i.2,6^r. a.i i.ij^c. 3.1 3*^1 cjr 
Logdritb. .041 .oy%Sc. .322 .342, e^^. .491 .SoSi' 

This Conftrudlion of the Line of Numbers hpjpg 
very well underftood, as I prefume it e^fiily n?ay; 
the Conftru6tion alfo of the Lines of Sines and Tan- 
. gents on the Rule is thence fufiiciently evident J for 
Jince the Artificial Sines and Tangents are jbut tj).c 
Logarithms of the Natural Numbers expreffing the 
fame Things, therefore it follows, that thole Ajrti- 
fical Sines and Tangents, in the Manner before tau^j 
may be laid down on the Scale, and there form the 
Lines we now fpeak of And which I doubt not but 
the ingenious Young Trigonometer will efteem it only 
his Diverlion to do. 

The Defcription, Nature and Conftrudion of thcfe 
Lines, being thus premilcd, will make the Dire&i- 
ons for their Ufe the Ihorter, and Reafon thereof moft 
plain and obvious. From hence alfo it appears that 
both the precccding MethodwS, are in Subftance, the 

lame 
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lame with thi^^ in a diverfc Manner apply'd : But 
whereas in them ExaAneis is the ^reateft Thing ta 
^looked to. fb £a(e and Expedition are the chief 
rropcrties or this Thitd MetbMbj tbe Sliding Rith. 
\, One Thing i muft n6t omif, and that is, to ac- 
quaint the young Read^)« tfa&t as there is no Line 
of Secants on the Rule, to he muft always obfcrvc ta 
frame fuch Proportions as admit of only Sines and 
Tangents, when he works, by lYxt Sliding Rule ; for 
as there is feldom any Ncceffity for uiing Secants, (a 
there is ycry rarely any Occafion for them j and 
When there is, I.ihall fliew a-Means torefolvc it by 
tiie Rule^neverthelei&. 

In 6idLtT to perform Operations by the Sliding 
RuUy I'ffiall caltthat Line ot Ndmbers oa the Rule it 
felf A, but that Line on the Slider B } alfo I call the 
Line of Sineis on the Rule F, ind that on the Slider S. 
A\{o Notei That the End of eadi Line, viz. of Sines 
and Tangents, at 90** in the one, and at 45* in the 
other, is^Kadius in Analodes wrought this way. 

Here alfo the forcTOingSihfcmcs and Analogies^are 
to be ufed, aod needs not cither of them to be here 
again repeated ; the mabber of 6|>ef ating the firA Cafe 
in each Scheme by the Li^e Dt Artificial Sines and 
Tangents no.vY follow. 

Cafe I. ScHcriic L TI^/^i/^^^S^^crpcndicularAC 

DinSion I. Caufc the Line of Sines to Hide by 
each other, on one Side the Rule j then will the Lines 
of Numbers 36 fo pn the otber'&de, II. Set 53^ 30' 
't)n S, to 56*^ 30' on F; then. Ill*/ Lbok on the other 
Side, and Sgainft 230 on B, Is i^X^.ip, £?^. on A^ 
the Lcnjgtti of AC, as before 



7a 
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To find the Hy pothcnulc BC 

DireS. I. The Rule and SKdcr being the fame as 
before, Set 36^ 30' on S, to Radius (viz. 50"*) on 
F; II. Then on the other Side, ajjainft 17Q.10, £?r. 
on A, is a86.ia, &c. on B, the Length of* fiC, us 
before* 

Te refolve this Cafe Ify once fetting the Rule. 

Direlt. I. Caule the Line of Sines, to Aide by the 
Line of Numbers. 11. Set 5^^ 30' on S, to 230 on 
A ; then againft 36<> 30' on Sy is 176.19, ^c. on A, 
fcr the Eerpendicular, and againft Radius (or oo^) 
onS, is 280.1^, &^. on A for the Hypothenuie. The 
Reader need not be tdd that this lau Way, at once 
Settbg the Rule is much the eafieft, beft, and mcut 
obvious. 

Cafe I. Scheme XL To find the Perpendicular AC. 

DireSfion I. Set the Rule fo that the two Tai^ent- 
Lines may Hide by each other ; II. Set Radius or 
Tangent of 43** on the Slider, to the Tangent d 
36° 30' on the Rule; then, III. On the other Side 
the Rule, againft 230 on B, is i/o.ip, ^c. on A, 
for the Length of AC 

Otherways thus, 

DireS. I. Make a Tangent-Line and a Line of 
Numbers Hide together; then, II. Set Radios (or 
4^) to 230 on the Line of Numbers, then againft the 
Tangent of 36° 30' is 170.19, Sc. as before. 

Nou^ The other Proportion for the Hypotbenu/eBC^ 
containing a Secant, is to be folvcd by a particular 

-2^-th2tl of the Rule by and by. Cafe 
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\ Cafe I. Scheme III. To find KQ. 

Direff. L In this, and all other Caies, when the 
Qaantityiof the Angle .exceeds 4^, the Learner muft 
obfcrve tHat on the Tang;ent LinCy the Dcgricoj arc 
number^ iron) thence b^ck again infmaller Figures; 
and that thcfe being only. the Complements of the 
other (number'd ba3c in an invcrfe Orcferto them,) 
'tis manifeli that the Slider muft be fet in the fame 
Place for the Tangent^ asfor the Co«Tanjg;ent^ and 
confequently the Operation the fame in allRelpeds 
as betore, viz. in Scbem II ; only, if Radios be on 
the Slider, the Anfwer wll be on the LJM of Num- 
bers A, & € contra, whentht two LinesoiTangenta 
Hide together, 

TSfer^; This Proportion eannot befolvcd by the 
Line of Tangents and Nambers Aiding together ; 
unlefe if when you fct the Tangent of 53® 30', to 230 
on A, you took a^ &r to the Ldft of 230 as Radius or 
45^ is Cb die Right of it} for there you will fee 
170.IP, Kfc. For had the. Line of Tangents been 
continued ^redly fi:»'Wtfds^ this Proportion might 
have been fdved tUs Way^ as well as the lafl. 

Qa£p ly. Scheme IL Xfifind the Angle B. 

.*i ► ^ ■ •» ■■ * . - 

Dif00foh I. I«etLines of Tangents Aide b^r each 
other. H; Od the Side on which are the Lines of 
Kumbers, fet 230 on B, to 170.19 on.A; (as the 
Analogy.in the Synopiis dire&s.) III. And then cm 
the odtor Side the R^le^ tgainft Radius or Tangent 
of '4 A you find the Tangent of 36? 30', the Quan- 
tity of tneAwleK reomred. 

Note, The lecoiid Way by making Tangents and 

Numbers i£de by eoe another^ is only the Rcverlcr 

of C^h Scheme JL andib afibrdsno real Variety^ 

.z N the 
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the fame may be feid of the next Analogy, or Scbemi 
III of this prcfent Ca/e IV. Therefore I proceed to 
inilance next in 

Cafe y. Scheme I. To find the Angk C. 

Din^on I. Make the two X^ines of iSines, and the 
two Lines of Number5<, '{fide tc^ether. IL Seta86.ia 
on A, to 230 on B; thcn-^IIL On the other Sidc^ 
againfl Radius or po® on F, is the Sine of 53** 30' 
on Sy the Qoantity of the Angle C, as was required. 

The Second Way, 

. Direff. L Let die Line of Sbesflide by a Line of 
Numbers: then, IL Set a8<$j2on A, to the Radiof 
or Sine ot 90^ ; then agpunft 230 on ^ is the ^ine of 
53'' 30' on S J as befoic, . 

Thefe Cajis and jfyalnff^. which I have htth^to 
exemplified, contam alt the aiffisrent Ways otf ufiqg 
the Slidif/g Rule^ that at.pi:cfent I am apprehci^ve 
of; and am fully affurcd that any.cxic wno under* 
ftands what has been here fatd, cannot avcnd bcif^ 
able to ufe the Rule readily on any Occaiion whafr- 
foeyer.- . ...; ,.;-. ":., .j 

As thofe Inftruments I have now mewn the Ule o( 
are not fo very common, as tho&Rules ofed by Afe- 
chaoicks^ on which are the fame. Lines of Nom<* 
bcrs, but not of Sines and Tangents; and B»,.tihdk 1 
Pcrlons do not generally (indeed but very^tuclyj 



underftaod the Ufe of L(^arithms,.or TrigiMioiiie^ 
trical Calculations thereby ; and lalUy. becattfe ^ 
eafy for them to have and to underftana the TaUecf 
Katural Sines, Tangents and Secants; I can];tO(k'Tkot 
thbk 'twill be acceptaUe to fuch, to ihew how by tbe 
common Slidbg Rule and a Table of Natui^aLSne^ 

Tangcoti 
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Tangents and Secants, any Triangle may be folded, 
with coniiderable Exafhuefs. 

To do this, is no more than to work the Opera- 
tions by the Sliding Ganter^ which in thelaft Chap- 
ter were v^rought Arithmetically. In order to this, 
it muft be bbftrved that though the Sine, Tangent 
or Secant in the Table is expreflcd by many Figures, 
yet working by the Sliding Rule, 3 or 4 of the firll 
Figures of thofe large Numbers are fuificent. For 
Inftance, the Sine 0136^ 30' is 5948218 ; the Tan- 
gent is 7399611 ; the Secant is 12440026; But 594, 
yi% and 1244, will foffice for mechanick Purpofes 
wrought by the common Gunter; and by this means 
Secantis may be as well ufed by the Sliding Rule as 
Sines and Tangents. I fliall illuftratc the rirft Cdc 
in all its Variety of Proportions this Way, 

CafeL Scheme I. ri9/;f5r//?i&^ Perpendicular AC. 

The Analogy for this, in the laft Chapter, in 
Numbers Hands thus j 8038369 : 230 : : 5948228 : 
the Side AG. 

But this Analogy, for the Rule, may be thus con- 
tracted ; 

As 803 : 230 : : 594 : the Side AC. Therefore, 
Set 803 on A, to 230 on B: then againft594on A, 
is 170. 19, ^c. on B, the Length of the Side AG. 

To find the Hypothcnufe BC. 

The Analogy in the tabular Numbers Hand thus ; 

As 5948228 : 170.19, Qc .: : looooco : the Side BC. 

Contrafted thus; ^94: 170.19 : : 1000: the Side BC. 

Therefore by the Rule; Set 594 on A^ to 1 70.19 on B ; 
then againft Radius (or JQOO, o(x the End of A.) 
is 286.12 on B^ the Lenj^ gf the Side BC * 
N 2 Giic 
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Cafe I. Scheme II. To fin J the Perpendicular AG 

The tabular Analogy, is lOoooocx) : 230 : : 73S^ii 

: to the Side AC. 
Contra<3tcd for the Rule thus, 1000 : 230 : : 7^^ : 

to the faid Side. 
Therefore, Set Radius on A, to 230 on B, then 8- 

gainft y^9 on A, is 170.19 on B, the Anlwcr. 

To find the Hypothcnnfc BC. 

The tabular Analogy is locooooo : 230 : : 12440026 
: the Side BC. 

Contracted lor the Rule thus, loco : 230 : : 1244 
: to the Side BC 

Therefore, Set the firft Radius of the Double Line 
on A, to 230 on B ; then againft 1244 on A, is 
286.12 on B, the Length of the Hypothenufe re- 
quired. 

Cafe I. Scheme III. To find the Perpend. AC. 

The tabular Analogy b 13514224 : 230 : : 1 000000 

: to AC. 
That is, Contraded, 1351 : 230 : : icoo : to the 

faid Side. 
Wherefore, Set the firft^ 1351 on A, to 230 on B ; 

then againft ioqo on A, is 170.15) on B, =: Leqgth 

ofAC 

7*^//?^//^^ Hypothenufe BC. 

The tabular Analoj;y lOCOOOOO : 170.1^ : : 16811730 
: to BC. 

The fame Contrkfted, looo \ iyo.i^ : : 1681 : to 
• the faid Side: "—''.' 

Now, Set lood on* A, to Vjci-^ on B ; then agajnft 
i68r on A, is 286. la bn B ; the Length ot' the 
Side BC. - From 
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From what I have here £dd concerning this Calc I. 
^twili be Ycry eaiy, in the fame Manner^ to folvc 
anj of the other loUowing Gaies ; which therefore I , 
leave to the youn^ Leamer'a Exercife and Diverfion. 

Hence 'tis manifeft this moft excellent Art might 
be much more generally underftood^ and ufed not 
onljr by Scholars, but by every common Trader, 
Artificer or Husband Man, by the cheap and eafy 
Means of a Table of Natfital Snesy Tangents and 
Secant Sy and ^ common Sliding Rule. 
- And I am ilrangely furpriled at the iupine and 
ftupid Indolcncy ofmany young Perfons, who have 
Cand might have by good Husbandry) Time enough 
on their Hands, Money enough in their Pockets, and 
Intelleds enough in their Heads, yet notwithflanding 
this, will expend neither in the Study of this, or any 
other Noble Art, or Part of Mathematical Learning ; 
which would in fo moft agreeable a Manner* cnoble 
their Nature ; enrich their Minds ; and elevate them 
above, and refcue their Reputations from the rude 
and barbarous yulgar. Inftead of which they idly 
chufc to bury their Talents, and wretchedly live, and 
ignominoufly die without Remembrance. 

j»i<.wo jiM jnM Jin .^M jmm ^m jnm jf^m jfm j^h .^m .r^m jmm jmm jw% j^<« ^m .r^M j^a^^m jum 
^St>^ V*4 V> 1*^ V* ^^' V^* ^4 ^M^nTJi^lS Vi V^ V^ V* 1)4 VsTTi -wi v^ VI 

CHAP. X. 

of the Fourth Method of Solving- Rights 
angled Plain Triangles, by Guntcr*s 
Scale and Compaffes. 

^~T^ His celebrated Line oi Jrtificial NumherSy 

JL (whofc Confkruaion and its Ufe on the SMng 

Rjuky were fhewn in the iaft Chapter) firft received 

its 
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its Name and Being, from the famous Profeflbr of 
Geometry at Grefiam College^ Mr Gunter ; of whom 
it has been commonlv called Ganter^s Lifie^ Gunaf^ 
Scale^ or limply, ^ife Gunter : But what 1 here call 
Gunt€r*s Scale^ is a Line of Artificial Numbers, Sines 
and Tangents, laid down on a Plain Scale or Rulc^ 
and arc unmoveable. 

On this Scale, the fame Things are performed by 
the Comjpaflcs, as on the Sliding Scale or Rule, by the 
Sliding riece, and the whole Mithod depends on this 
cafy 

General Rule. 

Set one Foot of the G)mpafles in the firft Terra 
of the Analogy, (be it Number, Sine or Tangent,) I 
and extend the other Foot (to the Right or Left) \ 
WW it tall on the Term of the Analogy that is with 
the fame Kind with it fclf (whether it be the Scccwd 
or Third) ; and that Extent of the Compaffcs will 
reach from the remaining Term) the fame Way as 
bcrc)re) to the fourth Term or Anfwer, 

The fame things ^ or the fame Schemes and ^fiih 
logies are to be here ufcd, as before, in folving the 
firft Cafe. 

CaleL Scheme I. To find tbeVtx^cndXcalzx KZ. 

Set one Foot of the Gompaffes in the Sine of 53"* 
30', and extend the other to the Sine of 36^ 30' ; then 
that Extent will reach from 230 to 170,19, in the 
Line of Numbers, and is the Anfwer. 

To fi.nd th Hypothenufe BC. 

Set one Foot in the Sine of 36^ 30', and extend 
the other to Radius or 90^ ; then that Extent will 
reach irom 170.19 to 280.1a, in the Line of Num- 
bers for Anfwer. Cafe 
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Cafe I. Scheme II. To find the^tx^tidicnlM AC. 

Set one Foot of the Compafles in the Tangent 
Radius or 45?, and extend the other to the Tangent 
of .36° 30' J that Extent in the Line ot Numbers will 
reach .irom*230 to i/o.ipsAC, as before. 

To find the Hypothenufe BG. 

Notey That becaufc (as I have faid before) there is 
no Line of Artificial Secants, and this Analogy con- 
taining a Secant, it can only be folved bjr the Line of 
Numbers with the Compafles here, as with the fame 
Line and Slider in the foregoing Chapter, from the 
Natural Numbers in the Table. Therefore fct one 
Foot in Radius 1000, and extend the other to 230; 
then that Extent will reach from 1244 to 286.12= 
BC, as required. 

Cafe I. Scheme III. TofindtheYtr^ta^.KC. 

Set one Foot of the Compafles in the Tangent of 
33** i^'y ^^^ extend the other to Radius or 45 ; then 
in the Line of Numbers that Extent will reach from 
230 to 179.19 == AC, as before. 

XofndtheHy^othtnvSt BC. 

Becaule this Analogy is here alfo by Secant*, 
therefore by the Line of Numbers,, from the Na- 
tural Numbers of the Tabic, do as before taught ; 
Set 1000 to 170.1P; that Extent will reach tirom 
i6bi to 286.12 = JBC, the Side fought. 

Cafe 
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Cafe IV. Scheme II. To Jind the Angle B. 

In the Line of Numbers, fet one Foot in 230, and 
extend the other to 170a 9 ; then in the Tangent 
Line, that Extent will reach from Radius or 43°, to 
36^ 30', which is the Tangent of the Angle B. 

NotCy The Side BC is to be found by thc-Line of 
Numbers, ^c. as dire(9:ed in the Firft Cajiy Scheme 
11. IIL 

Cafe IV. Scheme III. To find the Angle C. 

In the Line of Numbers, Set one Foot in 1^0.19, 
and extend the other to 230; then will that Extent 
reach from Radius or Tangent of 45*^, to the Tan- 
gent of sy 30', the Quantity of the Angle C. 

The Learner that has regularly come thus far, 
need not, I fuppofe, be told that though the Tan- 
gent of any Angle, and of that Angle's Complcmeot 
be in the fame Point of :the Line, as in this Cafe, 53® 
30' and 36"^ 30' are ; vet he may eafily know which 
is the Angle required, by the Second Term of the 
Analogy ; for it that be greater than the Firft, the 
greateft Tangent is the Angle required ; as here 230 
being greater than 17019 makes it certain that 53^ 
30' is the Angle fought ; and the Contrary. 

The Reader is fuppofed in each of thcfe Operati- 
ons to have his Eye on the Analogies in the Synopfis, 
by which they are performed. And thefe being all 
the Varieties by the Gunter and Compaffes ; I pro- 
ceed to the t^ith Method by the Senior. 

CHAP. 
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CHAP. X. 

Of the Fifth Method of Solving Rights 
aNgkd Plain Triangles by the Se8:or. 

BY this moft noble tnd moft afeful of all Mathema- 
tical Inftrumcnts, Tie SeSlor^ not only all the com* 
mon Operations of the Mathematical Sciences arc 
moft cafily and commodioufly performed ; but par*- 
ticularly the whole Bulinefs tyi^tigpnometrical Calct^ 
lation^ of every K^ind, is hereby veryeafy, expedite ^. 
and perfed; For all manaer of Analogies, whether 
by Numbers, Sines, Tangents, Secants, are alike 
rcfolved here. ^ 

The Invention of this wondrous Instrument is 
founded on the 4th ^Prop. of the 6th Book of £tfr//V/, 
pr ^bcor XV beforcgoing. Where 'cis demonftrated , 
that Parallels to the Bafe of any Plain Triangle, bare 
the fame Proportion to the Bale, as the Parts of the 
Legs above the Parallel, do to the whole Legs, But 
more of cbe Nature and Conftrudion of the SeSIor is 
to be learned from tbofe who have wrote purpofely 
theraoQ* 

The Lmes on the SeSior are various, but I have to 
do with no more thofc which ferve more iownediately 
to the Solutions of Triangles, and they are tho^ 
: which follow. 

Fir fly A Line of Chords on each Leg of the SeSlor \ 
they proceed irom (She Ceotet to the End of the Legs, 
whece Jtbey tcrmioace do a brals Point, at 6o\ the 
. Qbqi^ thereof lp«i^g tqual to Radios. 

O Secofjdljy 
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Secoiijlyy A Line of Sines, proceeding trom the 
Center on each Leg, and terminating in a Draft Pcdnt) 
on the End, at po"". 

Thirdly'^ A large Line of Tangents, running from 
the Center to the End of each Leg, and there end 
in a brafs Point at 45^5 the Tangent thereof being 
equal to Radius. 

Fourthly^ A fmall Line of Tangents, beginning 
at a fmall Radial Diftance from the Center on each 
Leg, and terminates at the End at about 73^ or y6^ j 
and is not perfed, as being onljr a Supplement to 
the former. 

Fifthly^ A Line of Secants, beginning at fomc 
diftance from the Center, and proceed to the End on 
each Leg, where they break of at, fome 60% fomc 

Sixthly y A Line of Equal Parts, or, as fomc term 
it, a Line of Lines; thele proceed from the Center 
On each Ltg, to the End j graduated by equal Divi- 
fions i.a.34, ^^' to 10. 

The Line of Chords, on the End of each Leg, is 
marked with a C. the Line of Sines, with S. the Line 
of Great Tangents, witfi T. the Line of Small ones, 
with tan. the Line of Seconds, with sec. and the Line 
of Equal Parts, with I. ^* 

Thefe are the Six Grand Lines, which arc of moft 
important Ufe ; the Conftruiftion of each of which 
you have clearly and largely taught by the foregdog 
!XI3<; Problem of Geometry. 

Thefe are all Lines of Natural Numbers, Sines, 
Tangents ^nd Secants ; having now pretty well done 
with the Artificial ones, on which we have dwelt fo 
long. \ • . 

1 hefe Lines are to be ufed in a twofold Manner, 
viz. D« ubiy cir Singly; Dctably, when weufe both 
X.ine& ot a likoSort ; as both thcLincs of Lines^ bdth 

^' the 
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the Lines of Sines^ ^c. as fuppofe you place one 
Foot in the Sine of 40** on one Line, and extend the 
other Foot (the Se£for being opened) to 40^ on the 
other Line, on the other Leg of the 51f^e)r ; and this 
is callM taking of 40® Parallel-wife, and is, lor Brevi- 
ty's fake, thus marked, =40"^. 

The lecond Manner of ufingthcie Lines, v/« fing- 
ly, is when we ufe only one Line of a Soft ; and 
Length-ways, or Lateral- wife, take oiFany Number 
of Parts or Degrees, by fetting one Foot of the Com- 
pafles itv the Center, and extending the other along 
one Leg to the defigned Point, as fuppole /fP on a 
Line ot Sines, and this Lateral Way or taking 40^ is 
thus marked, 11*40°.' 

When ever, ia.working Proportions, Radius is men- 
tioned, or made ufe dL you muft onderjftand it to re«* 
late to, or be in the Ends of the Great Lines on each 
Leg, cm the brafs Pin, . as at 60 and 60, for Chords : 
5)0 and^^ for Sines ^ 45 and 45 For Tangents, and 
10 and 10 for the Line of Equal Parts*, but on the 
Small Line of Tangents, the Kjulius or Radi^il Point, 
is the beginning at 43°; as it is alfo of the Small 
Secants, at 00% or rervBc^nmdg } but the Ibllow- 
ing Pradtic^ will make afl things intelligible and clear, 

I Ihall rcfolvc the Ftrft Caftan all its Varieties, as 
I have alt along dooe| and biere again repd^t the Ana- 
logics with the proper Signs prefixed to each Term, 
in order to Ihew how they are (o l^ ^rgpght on the 
Se&or by the Compafles. 

And here, that fhe y.oung Learner may meet with 
nothing-unappriifed of, he muft know, ^<is mbft con- 
venient tobeginrwith that Lateral Term, or more 
properly, to nkdce that Term a (^uteral one, that 
-when appt^d Parallel-wife,^ may occafion the leaft 
Opening of the S$&or:^ and all the following Anato- 
£ifi9 arc marked with Regard hereto* 
* * Cafe 
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CafeL Scheme I. T'^/iMff/^e Perpendicular AC 

The Analogy; As=5=sC: || AB;: = 8B: || AC 

Therefore with your G>mpaire8 take the Latent 
Diftance a3o from the Line of iiioes, andmstkeitit 
Parallel Diftance from 53^ 30' to 53^ 30' on the Xaocs 
of Sines; Then the Paralki Diftance of 36^^30' aM 
56° 30' of Sines will reach Laterally^from th^ Ceqter 
to i7o.i9on the lineof Lincsii^aQdgikyea the Anfwcn 

T0 find the Hypothcnafc BG. 

Thc.Analogy; A8=8B: 1| AC;.:=?R: i| BC, 
lliat is, Make tbe.LMei«l Diftao^^(70.ip osl the 
Line of Equal Parts, a Parallel on the^SioeXjf 360 30' y 
Chen (hall tne Radius, or Sineof^^>:ckteadLate- 
rallj ^m the Center to 28^.12 on iSasiUak of l^ual 
Vm^f which is the X^eo^ of fiC 

Cafe I. Scheme II. Tp find thi^^^meoA, AC 

The Analogy; As « K : || ABii^s^^. {) AG 
Make the Lateral 230, a FanUd.on the: Tangent 
Radios, or 4i*» «h«L the P^inlWi'5a|jgi*(j6<» 30', 
wilt make L^etaUir 170.1.0 ei^ ^ line (^jSqoal 
Parts.' •'■■• ■'■-.■••.■. : ■■.'.; ^ 

fofiitd tlKt Hypotherwll v®i 

^Thc Analogy j Aa =|l : || Ati(, : : ^icB. : ft fia 

Make the Latenil Diftance 2jip a PmsOldi ca ILa- 

dms of Secantsf thendae PacaHel Secant 9f 36** 30', 

fltal^ be the Laeend^ ml^imf^.u ^^JJamt «f 

jS^aal Partly as reqoifl 
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Cafe I. Scheme HI. to find the Perpend. AG* 

The Antlogy; As = tG : || AB : : = R : || AC 
Make the .Lateral Diftaoce 230, a Parallel on the 
fmall Tangents, ois^io' ; then (hall the Parallel Ra- 
dius of the fmall Tangedts^ on 45V he the Lateral 
Diftance of 170. ip on the Lfine of Equal Parts, tbc 
Length of Au. 

To find the ilypothenu{c 3G. 

: . ' / 

The Analogy; As = R : || AC : j^scC : \\ Be. 
Make the l^erall>i[fti^ 170. i p^ k Parallel on 
the Secan^Rlsius'; then the Parallel Siscant 4f«53^ 

fo', Ihall be the Lateral Diftaoce of i86«ia 01^ the 
ane of Equal Parts. . -*J • 

If the liletlaocl of thiii fi)l^iig the Fsrfi Of/c by the 
Se&HTjht Wtl uQrderftood, there: cannot pomblyhap<% 
pen any difficoly in the Eolation of any ol the reft 
after the fanoie Manner ; elpeciall]^ as I have herd' 
adjoyn^d all dbe Analogies with their dircdory Signal 

Cafe II. Scheme I. 

* 
Analo- li. Aa=:^B : |i AC l^^^^Z : || AB, the BaTa 
gies ia, AmB : J| AG: :=== R : |[ BQ the Hypof, 

-.^■v i;; ..^Scheoift jLI. .; ..;.. 

Analo-li. AnflrlR; U AG: :.i^R : |1;AB, the Bafe. 
gtea 1?. As^ R : 11 AB: ;-a?B :ll BC, d^c Hypot, 

. - • , • t. . . .. , ^' 

iScheme 
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Scheme III. 

Analo-t i. As=R : l| AG: ;- tC : || AB, the Bafe. 
gic» K A8=R : II AC: ;=8cC: || BC, thcHypot. 

Cdelll. Scheme I. 

Analo-Jfi. As- R : IjEC: :=sC : H AB, the Bafc. 
gies ^a. As-R : |( BC: ;s;=8B ;11 AC, the Perpend. 



\ 
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Analo-fi. A«=?«eB : I' BC :s=R :)! AB, the Bafe. 
gie« is. A8= R : II AB: :=tB: JlAC, the Perpend. 

Scheme III. 

Analo-Ji. As-aeC : II BC: : U tC : |! AB, the Bale. 
- gies la.A8=tC : || AB: ; ||R: 1| AC,thc Pcrpen. 

Cafe IVjt Scheme II, 

Analo-ti. As || AB: =R: : || AC: =tB,Ang.atBafc 
gies 12. A8== R : 11 AB: :=5seB : \\ BC, the Hvp. 
% 
Scheme IIL 

Analo- Ci . As jj AC := R : : JI AB :=tC,A"ng. at Per. 
gies la. As = R I \\ AC: :=seC: jj BC, the Hyf . 

Cafe V. Scheme I. ' • . 

Analo-Ci.As|| BC:=R : : || AB := sC,Ang. at Per. 
gies \2.As =R : || BC: ;— sB : || AC,the Peipen, 

Caie 
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Scheme II. 

Analo- Ji.As || AB : - R : : |l BC : :^8cB, Ang. at Bafe 
gics ta. As= R : || AB: ;s=tB : || AC, the Pcrpcn. 

Cafe VI. Scheme T. 

Analo- J i.As || BC : = R : : || AC it-sB, Ang. at Bafe 
gics 1 2.As= R : || BC: i^sC;. ]| AB, the Bafe. 

Scheme III. 

Analo-Ji.Asll AC: =R: : |1 BC:^8eC,Ang,atPer. 
gics la-As^rR : |j A: :=tC : U AB, thcBaic. 

Thus I hope I have made the whole Affair of Tri- 
gonometrical Calculation facile and ready by the 
S0Slor^ however the Propc^ions are Conftitutcd of 
Numbera;and Sines, Numbers and Tangents, or 
Numbers add Secants; fo tljgt though a Perfoo come 
ever fo unskiird in the Matttr, I think when he has 
duehr read and digefted theDoarine of this Chapter, 
'tis (uffidelnt tb make him pztftSty and dexterous in 
applybg tl^s Ndbie Inftrumen{: to all the Purpdes 
here treated of. '^ 

"""'Nou^ I would advifc the young Student,* when he 
bujcs a SiHor^ to have one -a Feet in Length whai 
opened ftrait J for then the Lines will be 12 Inches 
each, and the Duifions thereof will be larger and 
clearer; however oqe of 18 Inches may do prctj(y 
w^ II for common Ufes. Obferve alia, that the LiAes 
of decants and fmall Tangents begin &t an equal J>ift- 
ance from the Center; for^dfc fucli AnaPogies-is 
have both Tangents and Scctatstn them cannot -lbc 
j^ertbrmcd thereby. - i , .. . CHAp 
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CHAP. XIL 

0/the Sixth Method of Solving Rights 
angled Pi lift Triangles by Geometrical 
ConJirtSion. 

BY Geometrical Gmftnidion ts meant a Delinea- 
tion of the Triangle in Lines by a Scale of £" 
3Qal Parts and a Line of Chords, by the ftrift Me- 
}od of Geometry taught in the Chapter (fGeom§tri^ 
€al Problems ; \o that when the whole Triangle is 
thus projeded xn^latWy the Farts thereof unk^wn 
may be eafily meafured by the Scale from which the 
known or given Paita were delineated; that i^ the 
unknown Sides mea£ired on the Lineof Equal Parts, 
and the Quantity of the unknown Angles from the 
Line of Chords : and thus the whole Triangle be* 
comes known as ioon as conftruded. 

The Scale for thia^urpofe ought to have a Line 

of Equal Parts divided Diagonally, Tuch as b com-t 

inon on the ^lain Scale ; however « JLine of Eqoal 

Parts of fome kind or other there^hiift of Keceffity 

be; and alfo a Line of Chords, or, in lieu thereof, 

an exa& graduated Limb of a Quadrant. Whence 

this Geometrical Conflru&ion^ or Protrai^on df a 

'Triangle may be perform^ by divers InfirqmentSi 

* viz,, all fuch as have on mem the I^nesafbrcfiidy as 

the common <Pla$n Scale i TbeSe^ori ne^^Protraaori 

. Sutton's Quadrant ; ^c. But of all dicle the moft 

4tfttal and ufeful arci the ^iain Sc0h.mid StSktri the 
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firft having a Line diagonally divided, which givea 
an Anfwer ihuch hearer the Truth, than one that ia 
Hot thos divided can do; and the Latter, as it is ca- 
pable of being fet to imy Radios, whidi b a Property 
peculiar to its fcif. 

The Geometrical Qmiiruftion of tU 5S^ (^ of 
l^ight-'angkd ^lain ^angks^ according to what b 
given in each^ here follows. 

Cafe I. Given the Bafe and Angles* 




O A 



ftrjiy Draw the Bafe Line BA at plcafure, and 
from the IXagunal Line on the Piaia fxrale, or Line 
of EqoaV Parts on the Se&OTy take the Length of the 
Bafe a30| mth year Gomptfles, and fet it |ix)nwB 
to A. 



Snondfy^ 



i) _mut w— — III I I r- n Mb— jiwa^Mit 

I0^ *Pla'm fr'tgommMtry' 

SMfjdfyj On A raifc a Perpendicular (by ^Projfhtn 
It.) indefinitely conttnoed. 

. 7birdfy^ Take thcChofd of ^o I>6£rces fircMn the 

Line of Chords on the ^lain Scalcy off n'om the Limb 
of the ^rotraSor ot Quadrant \ or laftly, from the 
Parallel Chords erf" 60^ on the StStw (cottvcniontly 
opened) and therewith ( as a Radius by ^eonm 
XVIL) fetting one Foot of the Conipalfts in B^ 
ilrike the Arch dc; and from the faine Line of 
Chords take the Quantity of Angle U, wz» 36** 30', 
and fct from c to a. 

Fourtbfyy From B draw a Line through the Point 
d 'till It meet the Perpendicular m C* Then is ABC 
the Triangle required. 

FiftbJju Mcafure the Perpendicular AC on the fame 
Line or ^ale you took AB fi-om^ and it will be ibuml 
to be iyo.1^ 

ShthJy^ Meafure alio on the fame Line the Hypo- 
thenufc BC, and j^ou will find it to be 286.1a } and 
thus the whole Triangle is folved. 



Cafe IL Given f^erPerpaidicular ^a^^^ Angles. 

This Cafe is conftru6);ed in the fame Manner aa the 
taft, if you proceed with the Perpendicular A(l and 
the Angle C, as I before direOpd &r thQ jBalc AB 
and AngleB. 
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C\A. 



Bify Drkvr « btdoir tisift £iinf B A Widi One I^Mt 
of the Compaflb, on which at B tti^t iXi Adgte, 

indefinitely, and from a Scale 6f £4^^ ^^^ ^^9 
aSdjOr 9na ftc ffpm B-«o G jtbercon. ^ ., 

(by ^rob/cm IIL) to the blank ting EA!,cutfing (% 
at ^^ Angles itk the Point ^^ and join A^B. for 
thcBalo^V :; . 

calar AC^oa the '^:4Jj^ andyoii ,wilt'^nd the ^H 
t(> bp ajo j, ai0 thf . G^of r i^Oti^, W Won:. 



P« 
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C^elVt QhcntbeBz&andVcxipcndiaj^ 




Firfij Draw the Line BA. on which from a Dii 
psl Scale or line of Eqaal; V»ti^ (et of the 
d3ofix)^BtoAi 

Stcondfy^ On the Pobt A erea: the Line AC at 
Right An^cs. qowhifh fet oft* the Fefpendiculac 
^i^aip Ihmi A to C. 

?%jfi^ To j<i the PtSbtaBWc, for the Hypo- 
thende : wl^qi mcaftred pn the afore^ ^l^t ^^^ 
l)c found to be a86.i4« . " 

Fwfli^i^^ With 60 Degreea of Chorda on B, ftrike 
the Arch c d, and meafure the Fart cd, on the Scale 
cf Chords^ or on the Limtt of the Protra dor, cxr w- 
piy it ParaUe|-wiie on the lanea of CSiorda dn uie 
Seftor, and it will give | ' 
Complement C, ia i3^ 3< 
i&^lc ia become K^own. 



Scdor, and it will g^ve the iltis|e p 36* 30', whofe 
Complement C, b 53**' 30'} imd thosttie whole IVi-! 



Oi^ 
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o ^ 



B5/?, Draw the Line BA, on which from a Scale 
of Equal Parts fet off the Bafc a30 from B to A. 

Siccndlf^ On A r^fe the Perpeodicular AC^ con^ 
tinucd indcfinitdy. 

Thirdly^ Then from the fkmp Scale of Equal Part^ 
take the Hypothenufc a86.ia, and fet one Foot of 
the Compaflcs on B, with the other crofs the Line 
AG in Cj and draw the Line BC. 

Fwrthfyy With the Gompaffcs take AC, and mca- 
fure it on the Line of Equal Parts, and you will find 

it 170,1^ 

Fi/ibfyy With the Chord of 60 Degrees, pa B, 
ftrike the Arch cd, which being meafured on the fame 
Scale of Chordsjj it will give the Angle B^^6'' 30'; 
^hofe Complement G is j[3'' 30'. 

Cafe 
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Cafe VL Gi^nrHypQtbenule^lil^/Ferpendicttiar, 

C 




This Cafe is exaftly the fame as the foicgoiiij|^ as 
to the Method of Conftro&ioo ; if the fame DireSk)M 
be applied here to the Perpendicular and Hypothen- 
iife, as was there given for the Bafe and Hypochcn- 
i]fe ; ^s is evident from the Sabetm it lel£ 

Thus I have in a plain and familiar Way, &cwn 
the Geometrical ConSrudioD of all the Cafisq^Uun 
Rirht-anghd TriangleSj in order to their Soluticm; 
ana w^hich ought to be per&6tly uoderftood, becauk 
^tis the very Balis of all practical Trigonometry ; and 
without which, no fuch thing as a Triangle caa be 
fruly made. 

To learn this true and exadt Geometrical Way> 
being fo very plain, and eafiy in Praftice 5 I have op^ 
ten admired that the ingenious Handicraft amd Men 
chanick fliould fo much negled it, and be fo unrea** 
i(bna;bly contented with the old unartfiil: Way of 
drawing Figures by Tentanda. 

CHAP- 
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\ ■ CHAP, XIIL 

it 

\ Of the Seventh and Eighth Methods of 

Solving Right-angled Plain Triangles 

by the PraSiical Trigon^ and Sinical 

^adrant. 
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TH E two Inflruments, whofe Ufes are here to 
be defcribed, are the moil expeditious in Frad:« 
ice of any by Natural Lines ; yea, they are in them-* 
ielvea the moll natural of any Means \ for either aC 
once conftitute the Triangle, gnd Ihews the Dimen- 
fions of every Part thereof, by InlpeAion only, in 
Natural Numbers on the reipedive Lines But be*^ 
cauie thole Inftruments are very fcarce, and in feur 
Fcribns Hands ; I have therefore given the Young 
Geometer a Figure both of t\\cTrigon and Senical 
J^adranS^ and their DdK:ription8 which here follow^ 

A Defcription of the Trigon. Fig. I. 

The Trigon is an Inftrument' confiflinG; of three, 
and fomctimcs of four. Parts or Pieces : The firft is 
the fixed Piece BA, which rcprefenis the Bafe of a 
Right-angled Triangle, and is graduated into an 
hundred Equal Parts. The fccond Piece is BC, and 
is inferted into BA by the Joint B, on which it movcS| 
and may be fetto a given Angle with BA j this Part^ 
repreibnts the Hypothcnufe of a Triangle. The 

thL-d 
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third Piece is AC, and is made to move backward 
and forward on BA5 bv means of the Socket S, fo 
aS to be in a perpendicular Polition thereto j and 
therefore this Part reprefcnts the Perpcndictilai- or 
Cathetus of the Triangle, and is alfd graduated into 
an hundred Equal Parts. The fourth Part is the 
Semiquadrantal Arch D, divided into 45 Degreesj 
being fixed in the End of the Part BA, in order that 
the Piece BC may move commodioufly by it, and be fct 
tb the given Quantity of any Angle under 45® there- 
on. By this t)efcription, and even from the very 
view of the F'igurc it fclf, 'tis cafy to conceive Kow 
very naturally this Inftrumcnt at once both forms and 
fhews the Quantity of each Part of the Triangle un- 
known. The Rcafon why the Arch is here defcribcd 
as containing only 45^, and no more, will appear in 
the Ufes hereof by and by. And here 'tis to be ob- 
fervcd, that becaufc this Inftrumcnt may be opened 
to an Angle of 45% arvd each Leg in fuch Giie may 
contain 100 Parts, 'tis therefore necelQary the Hypo- 
thenufai Part BC, Ihould be divided mto 1 41.4 oi 
fuch Parts as being the Square Root of aoocx), the 
Sum of the Squares of the Legs. See Theorem XL 
Note^ If the Leg AC were made to move on the 
Socket S circularly, this Inftrumcnt might alio be 
ufed in folving Oblique-angled Triangles. 

A Defcripion of the Sinlcal Quadrants 

This Quadrant hath, like all others^ a graduated 
Limb of 90 Degrees; and its two Reftilineal Sides 
^or Radius's) BD and BE, divided into 100 Equal 
Parts, from each of which are drawn Right Lines to 
the Circular Limb, mutually interfeding each other 
on the Superficies of the Quadrant, and make the 
Sines and Co -Sines of as many I)ivi&>n8 in the 

Quadrafttal 
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Quadrantal Limb. On the Center of the Quadrant! 
B is fixed a moveable Index or Label BC, graduated 
alfo info ico Equal Parts ; this Index tdus moving 
on the Quadrant is to be fct to any Given Angle, and 
fcrvcs for the Hypothenufc in any Triangle, the 
other two Legs which make the Bale and Perpendi- 
cular being thofc Lines^ or Parts thereof which a- 
rife from either graduated Side and meet the gradu- 
ated Edge of the Label, and the Side of the Qua- 
drant it felf ; all this is evident by a Yicw of the 
Figure II, only. 

It is not my Purpofc (here at leaft) to Ihew the 
other IJks that may be made of the Quadrant here 
defcribcd, and the Trigotjj but only that of folving Tri- 
angles thereby ; and that in the Trigoif is as follows. 

The Ufe of the Trigon. 

Admit there be aRisht-anglcd Triangle, in which 
there is Given the Bale BA =82, or 820 j and the 
Angle at Bafe B =30^ oo'-, and its Complement of 
Courfe, C=6o^ 00' required the Hypothenufe J3C, 
and Perpendicular AC 

Dire£Hon I. Set the Hypothcnufal Part BG to 30^ 
CO' on the Limb, then flide the Perpendicular Part 
AG to 82 (or 820) on the Bafe Part BA } this being 
done, the Triangle is formed; and from the Center 
B to the Common Interfedtion at C, is contained 
94.68 (orp46.8) =BG, the Hypothenufe ; and from 
A to C, is intercepted 47^4 (or 4734) =AG, the 
Perpondicular ; thus with Eafe, and in a Moment is 
fuch a Tfianglc folved by Infpcftioa only. 

DireSfion !!• If the Angle at Bafe, in the aforcfaid 
Cafe, be Given greater than 45"" j the moveable Hy^ 
.. Q pothenufc 
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potbeoofe moft be fct to the Compleinental Angfe, 
and the loftrument beiiie inverted, viz. the Pcrpeo- 
dicuiar Piece made Ba£, the fmall Divifioos imit 
bft afcd, as before the larger were, and the Anfwer 
vrill appear on the other Parts as before ; but aot ex- 
aft enough ibr any coniiderable Purpofc, nnleis the 
two Legs are at Icaft a Foot in Length each ; and 
fuch as chufe this Inftrument, may as well have it a 
or 3 Feet long, as one; and their Work will be pro- 
portionably more exaft. 

DireSim III. When both the Legs are (nven, do 
thus ; Set the Perpendicular Leg AC to what is Givdi 
on the Bafe Leg BA, then move the Hypotheaofal 
Part BC to the Given Parts on AC; and thos is the 
Triangle formed, and the Solution evident by Ih- 
fpcdbion ; for the Point, of the Hypothcnule on the 
Limb D ihews the Quantity of the Angle at Bde B, 
and fo of its 0>itipleflieat C*: and the ^irts intercep- 
ted between B and C on toe Hypothenufe, ait its 
required I«cfigth. 

Direeiion TV. When Bale and Hypotfaenttfe ut 
Given ; Aide the Perpendicular Part AC to the Given 
Part of the Bafe BA, thenlnove the Hvpothcnafal 
Part up or down, 'till the Given Part tnereon meet 
the Perpendicular AC; and thus the Triaagle is 
formed, and the Angles and other Sidc> are knows 
by InfpcAion. 

Din ff ion V« When the Hypothenofe aodPcarpai-' 
dicular arc Civen; move the Parts BC and A(V^o 
together,, that the Given Parts <m both may ccanctdc 
in C ; wh» this is done the Triangle is formed, and 
folvcdbylnjjeaioo^ .7 

Dir€0um 
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Dite&iM VT. When the Hypothcnufc and Angle* 
arc Given \ Set the Hypothcnufal Part BC to the 
Quantity of the Angle o on the graduated Limb D, 
then move the Perpendicular Part AG to the Given 
Part on BC ; and thus the Triangle is formed, fhcw- 
iiig the Quantity of the other two Sides BA and AC. 

DinSHon VII. When the Perpendicular and Ao- 
gles are Given ; Set the H} pothenufe BC to the De- 
grees of B on the Limb D, then Aide the Perpendi- 
cular backwards and forwards, 'till its Given Parts 
meet the Hypothcnufe in C ; fb is the Triangle form- 
ed, and the Sides vifible on their refpe^ve Pares 
BC and BA. 

Thus have I given Direiiions for the Ufe of this 
Frafticai Inftrument in all Variety of Cafes. I pro- 
ceed now to 

The Ufe (^ the Sinical Quadrant. 

In the following D'mSmis^ I call thofe Lines which 
are drawn from the Divifions of the Side of the Qua- 
drant BD upwards, RigbtSinits; and thdc which are 
drawn from the Side BE, acrofs the Quadrant, Tra^i/^ 
vir/i Sims. 

I. La there he Given the Bafe BA=s63, and the An- 
gle B=38*' 30'; its Complement bemg 51 • 30'; te 
find the Sides BC andAC^ by the Siuicai Quadrant. 

Dire&ion I. ^t the Index to the Angle B on the 
Limb; then obfcrvc where the Right Sine of 63 
Parts on BD interfeds the Index, and you'll find it 
tp be inC in ^e Divifion of 80.^, which therctorc i« 
the Lengdi of the Hypothenuie BC on the Index. 
Next fi>rt2ie Perpendicular AC, obfervc where the 

Q^a Point 
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Point C is transferred to the Side BE, by the Tranf- 
verfc Sine CG, which you will find to be in the Point 
C in the Divifion 47.3^ the Length of the Part BG= 
AC, the Perpendicular. Sec neorem IX. 

VireBion IL In cafe a Side or Angle be Given fo 
large, as that the Side exceeds the Larger Diviiions; 
or the Point of Interfeftion C be carried oft the 
Quadrant; you muft ufe the fmall Divifions, and 
proceed altogether as m DinSion II. for the Ufe of 
the TrigotJ. 

II. Given the two Legs BA and AC j to find the Reft. 

DireStion III. Obfcrve where the Right Sine of 
the Given Point on the, Bafe Side BD interfefb the 
Tranlverfe Sine of the Given Point in the Perpendi- 
cular Side BE ; then on that Point of InterieSioOy 
as C, lay the Index; and fo ihall the Triangle be 
formed, and the Quantity of every Part at once ap- 
pear. 

III. Given the Bafe and Hypothewfe; to find the Reft. 

DireSion IV. Lay the Given Point in the IqdeXi 
on that Right Sine which proceeds from the Given 
Point id the Bafe Side BD, and the Triangle is form- 
ed ; in which the Andes will be apparent, and the 
Perpendicular known by the Tranlverfe Sine, going 
from the Point C to the Perpendicular Side B£. 

IV. Given the Hypothcnufc and Perpendicular; to 

find the Reft. ' 

Dire0ion V. Lay the Index BC m the Given Pomt 
thereof C, on the Tranfverfe Side which proceeds 

from 
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from the Given Point in thePerpendicuIar Side BE ; 
fo is the Triangle conftituted ^ and the uaknowa 
Farts immediately becomes known. 

V. TbeHypothcnuit and Angles given *^ tofifidtbtReft. 

DireSlion VL Set the Index to the Angle B on the 
Limb ; then obfcrve what Right and TramVeric Sines 
meet in the Given Point in the Index ; for they fliall 
Ihew the Bafe in the Side BD ; and the Perpenaicular 
in the Side BE. 

VI. ^e Perpendicular and Angles given ; to find 

the Reft. 

DireSHon VII. Set the Index to the Angle B on 
the Limb ; then fliall the Tr^fverfe Sine cut the 
Index in the Point for the Hypothenufe, and the 
Right Sine defcending from that Point, flxall ihew the 
Bale in the Side BD. 

Thus by eafy DireBionSy too plain and natural to 
need Numerical Examples for each, I have ihewn 
how dl the Cafes of Right-angled ^lain Triangles 
are to be rcfolved by the two Inftruments above de- 
fcribed ; which were they fufficientl^ large and exa&, 
would be moft Ufcfiil in Pf a&ical Trigonometry ; the 
firft of which any ingenious Artift might make 
(at leaft might graauate^ himfelf, of what Size he 
pleafc. 



CHAP. 
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CHAP. XIV. 

Of the Ninth Method of SohitJg Rights 
angled Plain Triangles by Natural 
jirithmetic. 



TH E Foundation of this Method is from the moft 
famous ^ythagonan Invention, viz. Theorem XL 
which tcacheth the Arithmetic of Squares, Triangles, 
Parallelograms, €ircles and other limilar Soperhcies 
defcribed on the Sides of a Right-angled Triangle^ 
bj £xtra6tion of Roots. 

This Method (here intended by Extradion of the 
Square Root) is defe&ive, inafmuch as by it the An- 
gles cannot be found. Yet is it a very ufeful Means 
tot finding the Sides on many Occauons>. Afid he 
w^o knows not, by having two Sides Given, to find 
the other readily with xm Pen only, is but a poor 
Geometer. 

In TibM^f^XIX^twasfliewnand deniotiftrated, 
that by having any two Sides of a Right-angled Kaii^ 
Triangle Given, the other by Extraftion of the 
Square Root was Given alfb. Therefore by this Mt^ 
thod there arc only Three Cafes of the oix, to be 
folved, viz. thofe Three m which arc two Sides 
Given ^ and thofe^ as I faid, imper&db j becauie by 
them no Angle can be known. 

The Solutions of thofe Three Cafes by Extra^on 
of the Square Root are as follows. 

Cafe 
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Cafe I. Given the Two Legs BA=a3o, and AC 
s=ri 70.19. 3» ;f#«^ f*f H/pothcnufc BC. 

C 




AC=a3o 
6900 

Square of BA = 5apP0 



AC=i7o.i9 
170.19 

17019 
1191330 

17019 



AM^ aS964.^36i«iotAC 
1. 51900 



Sqm of the Squares of BA&AC»Si $^4,6361 (285,12 

4 * ^ 



The Square Root of 
which IS 286.1 a /fr<, 
flnd is the Hypo- 
titefK^e fciMghe^ as 
before. 



4S)4iS 
384 
5^r34<% 

572i)^"^^S 

J7£i 
57322) 114261 

I 17444 Cafe 
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Cafe 11. Givm the Hypothcnqfe BC = 286.1a, 
and tbf Leg CA=:i70.i^. To find tbc Leg BA. 




BG = a86 i%X c^„,^^^ ;^ f 81864.6361 
AC= 170. ip J ^^^^^ '^ 128964-6361 

The Diff of thofc Squares = 52900=]3Cq— ACq. 

• • • 
By E^ara^ion. J^pop (^30=BA, the Leg fought 

4 

43) "9 

129 

•••00 

jKbiT^, I chufe to keep to the Nuinbers befoie ofed. 
though the laft ^ace of Decimals ia the KoQt «Ocl 
Square of BC be not pixcifely juft. 



C%i^ 
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Cafe III. Given the Hypothcnufc BG=286.ia, and 
the Leg BA=230. Jo find the other Leg AC. 

C 




The Difference of thofe Squares is a8964.636 1 
Then, by-) l%^i(^^^x (i7aip=AC, {'A' ^.^f 

189 

3401) •••64.63 
3401 

34oap) 306261 
306161 



I know there is a kind oi Method for finding the 
Angles by ^lain Arithmetic ; but becaufe 'cis very 
troublefomei intricate and confcqucntly ufclels, (be- 
fidcs another Rcafon which fhall go namelcls) I do 
not think 'tis worth while to infert it here. 

R CHAP. 
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CHAP. XV. 

Of the Te?7th Method of Solvwg Right- 
angled Plnn Triangles by j4lgebray or 
Analytical Inveftlgatlon. 



THIS Method of rcfolving triangles is ovXy to be 
managed by thofc who have fomc Skill in Jl^ 
gtbra. Fox thole Cafes which require to be folvcd 
this Way, fall not under the common -Rules^ and 
confeauently will not admit any Solutions in the ccmi- 
mon Methods hitherto treated of. In them tibe Data 
and ^^fita^ or the Parts given and required, are 
intire: that is Whole Sides, or- Whole Angles, and 
. that (eparately^ But here youjiave xhzData.msA 
times coniifting of Pieces of Triangles, tbiM: i% Ptfti 
of Sides, Sums, Differences, and Proportions of Sides 
and Angles only; and for the Triangt<^ to &I1 out 
thus is no very rare Thing with Thofc whoiu^ coo- 
verfant in Geometry^ the more abftnrffer Ptwt eipcd- 
ally. '•/• • - 

Hence therefore the Young (seonieter omnot bat 
think hi mfelf concerned to learn fo neccffiuy a Part 
of his Art as the Analytical IirveJUgatifm-of the un- 
known Parts oiTriaiigles^ and other Figures depend* 
ing thereon; and though I do not here p retend to 
teach the Artof ^/g:^^r^, yet I imagine 'twflHPW 
a little acceptable to the Toung ^hikmath^ to have 
here akindof iSyw^y& ofallthcmoft ufaal and ufeful 
Cafes of this Nature laid before him, with the Tbe&^ 

terns 
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rems for their Solutions, and a Specimen of the In- 
veftigation and Refolution of fuch Theorems:^ all which 
here follow in Order. 



Cafe I. Given the Bafe E, 
and the Difference between 
the Hypothenufc and Ca- 
thctusU; tofndtbeC2LthC'- 
tus A, &c. 

Theorem 



A= 



BB-DD 



aP 



Cafe n. Given the Differ 
fence eft he Bafe andHypo- 
thenufc Dy and the JDtfft^ 
rence of the Cath^tus and 
Hypothenufe X j to find 
the Bafe B, the Cathetq? C, 
and ihe^artofthe Hypo- 
thenufc A. 



Triangle 





Theorem, A=ViiDX' 



C$kmiQtoentheJiy- 

pothcnoic H^ and Hk Sam 

c/tbei^XyiT^iHCi^) 

S) tbimtoJhidiXH^tm 

'Legs. 



R % 




I Thcorcai 



..- ..." ^ yAi ' 

' ■ ^ ■ I ■■ ■ I . • ^ ■ ■ ■ 
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I Theorem* B» -» > ' - 



a Theorem. C— 



S— ^/aHH-SS 




Cafe IV. GivintbeUr 

pothcnufe H, and r/» Z>^- 

C ference of the other two 

. Side* D i /o />rrf the Sides 



I Theorem. B -t-. ; ' i ■ . — f— 
a Theorem. C=^ — ^. ^ ■■? ^ ^ . 



• t ' 




^iifi/ /i^^ afternatf S^pimtq 
f2 the Hypothenufe {pmii iy 

' a Vtxjxfidkx^ 
. /*? Kight^glc tb^rmi S j 
tQ'fifMHh$othw ScapiisA 4, 



I Theorem. A=v:.BB-T-{S£^|i?^i r -3 

^ . LetS+A«Hi\ thcQ 
a Theorem. C=v3^Sjrfe 



-A «. f' 



^.S/^ 
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Cafe VI. Gii>ett the Difference of the Bafe and 
Cathctus D, afjdtheVcr^ 
pcndicular let fall jrom 
the Right- Angle ou the 
Hypothcnufe P ; theme 
to find the Hypothenufc 
H, &c. 




Theorem. H=P+vT5IJTPfr 
And now B and C arc found hy Cafe IV, 

Cafe VII. Given the Hypothenufe H, and the Per- 
pendicular P, let fall from 
the Right- Angle; thence 

to find the Greater Seg- J>^ \o 

mcnt 5/ the Hypothcn- ^.^-'^'^ 

ufc A, ^gcc. 




I Theorem. A=iH+^/Im^-PR 
0. Theoreoj. JB=3MA+P?. 
3 Thwi*aJ/C=;'HH— Jbb. 



V]* 



Cafe VIIL Gto» /fc^ ifi^iw c/ /iE?^ Bafe ^rf Greater 



Segment ^/i ._ . . 
ufe, viz. B+A=S5 wd 
the Sum^tkeQfiis^toaitnd' 
Lejer Scgmchl,"viz, C-f 

Side9 Mif SH^miipnttyi^ 
ralJyf. 



,r. ': :.. 




Pot 






ia<^ 'J* lain Trigouometry, 

Pat a«i=^^-aX-JS,■ , 

I Theoveiq. A=/«S-f««— a. 
a Theorem. 8=^— A. 

3 Theorem. D»^—4S. 

4 Theorem. C^X— D. 

C»fc IX. S#t>«» (<» apy PUttn Triangle) f -&« £>/) 

ftrtaft ^tbe Sides E 

the Dtffirtnct ef h 

^ Sfgmats oftbeBx. 

^^^ B; tfM/i^ Perpco 

dicuUir (fafiilfroi 

_______^,^_ ^ tbevtrticalAiagli)! 

"b ""^ '^ >*»»^< w Jlnd all tl 

Sides, 

Pot 2«sBB— DD. 




1 Thewcm. Ar=/iBfr4:^^~>ii,-.Ca 
a Theorem. B+aA=TheBt«pi ; ; 
,3 Theorem. C=;^«Ld^§di -: 
4 Theorem. C+I>s ^^^JRi^ 



Ct 
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Cafe X. "The Sum of tbe two Sides of any Plain 

irianglc S; the Difference of the Segment of th$ 

Bale D*^ and tbefcT^ -^ 

pcndkuhr?(IetfaJf 

from the Vertical- ^^^ - i VC- 

Angle) heing Given ; 
thence to find the 
Bafe, and the Sides. 

Suppofc i«=SS— DD 




1 Theorem. A=^iDD+i2;-^^-§D. 

2 Theorem, C=^-~^ The Leffcr Side. 

3 Theorem. D+aA= The Bafe. 

4 Theorem. S— G =B+C= Greater Side* 

Cafe XI. In any Right-angled Triangle, kt a 
Right Line he drawn parallel to the Cathetus, and 
let there he Given the Cathetus C ; that Segment of the 
Hypothenufe, nep^t to the 
Cathetus H j and the ah- 
tertiate Segment of the 
BafeB; to find the Bafc ^ 

and HypothcQufe. 

TJieorem 
A^4-2BA:^4<»A*+B^^ 

Then A-f fe'Tlic Bafe j whence the Hypothenu/e 
is kdQvmhrwt'U&Mrtbod, 

^ ■.:./:::;■-:•- V ;. \: Cafe 




,i I 



■:-4 



£ii?£i^i.'f'=U-::fci- 



t^8 
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CafeXn. Given the 

Sides B, C, WD^ 

any Flaw Triangle ; ;o 

find the Greater Segmem 

oftbe-Qik:^ 



X= 



Theorem. 
BB+CC-fDD 




Cafe XIII. Given the 
Terimettr ^<» Right-ang- 
led Triangle S, <70^ the 
Perpcfidicolar JetfaUJrm 
the Right- Angle Fj tt 
find the SidcB. 



The Pcrimiter B+C+H^a^ 

gj • •■'■ ^" •'- 

I Theorem. H^^mf ; • - ^ » . J 

■ •.;■' •••'•■' f • '•""-• 

a Theorem. B|C=S— AitJic^omofth^^ae 

3 Theorem. .B-C=vKH+2SH^$S y. Tfe? 

DifTerence of dbe SS^cs» 



Cafe XIV. G?w3Er ^^Bafc 
B ; and the Sum cf iJk 
Perpendicular atid the Legs 

the "J^arts fiverally^ of asf 
Right-Angle Triaoglc. ^ 

I Theorem^ 




m 
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I Theorem. P=sS4-B— vaSB+iBB 

a Theorem. p+C=S — P, the Sum of the Sides. 

3 Theorem. D-C=v/aBB-SS+aSP -PP= 
The Dificrence of the Sides. 



Cafe XV. Having Gi- 
ven in a Right-angled 
Triangle the Sum of the 
Sides (D+C=) S ; and 
the Perpendicular P ; to 
find the Ttizn^c 




I Theorem. B=r^PP+5S— P. 
a Theorem. 0-0=^*55 



3?. 

Cafe XVI. Having Given in a Right-angled Tri- 
angle, the Sum of the 
Legs (D-|-C=i S; and 
the Sum oj the Perpendi- 13^ 

cular<»»/^Bafc(P-|-B-) 
X ; to find the Triangle. 




1 Theorem. D«iSf vXX- |SS-XvXX— 55. 

2 Theofon. CasJS— D= The Cathctos. 

3 Theorem. Bs=svDD4-CCj the Hypothcnqfe. 



^ r. 



Cafe'XVli.T&^rr/w- 
ter^ Sum of the three Sid6 
of a Right-angled Triaiu(le 

cm-^'- y. s . 




I Theorem! 






jj^'.^jiir.! 
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I Theorem. H=IS— ;^ 



a Theorem. Bs=S— H+VHH— 4A» • 
3 Theorem. C=S— H— B. 

Cafe XVIII. In any Right-angled Triangle, tht 
Area A ; a»d tbt Sam of the 
Hypotheunfc and either Si<lc 
^ (fuppft H+C=) S; *«»f 
^ G/t>*» J th«nct t« find **» 
Sides. 

I Theorem, BSS— BBBs^SA. 
aA 




a Theorem. C=^ 



B 



3 Theorem. H=S— C 




Cafe XIX. 3'o></* Tfi- 
wgle, Wi6^ ^ibrM Sidg| A> 
B, G^ «n#lPerM(idlkffi[9, 

fioa. ,. ,„ 

. ,■■ , .i.-ir.-.-r-r.T .' 

I Theorem. 8GJ~36AG»4,54i^q«j0i;*^ 
» Theorem. B=aaA~C,- ■ ' ■• '-^V- 
3 Theoredi* P=aC--<A#i ii i" ; •. '. ..•..-.■■;1;h^s ■i. 

^, You may affiime A ^atyd .tpi A^.lllplitt^^ 
order to fisd tbd JUftdi.^ )E;(^^,Q5y%wv:.t 






^-".'V*^ 
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Cafe XX rcfindaTn- 
^ngk^who/i thr^e Sides A, B, 
C ; and the Perpendicular P, 
0re in Geometrical Pxogref- 
lion. 



I Theorem. A=GvJ+v/ i 
% Theorem, B= "^- 

3 Theorem. P=-t' 

Note^ Here again yoa may affume C = any Number 
at pieafure, to find the Refk. 

Cafe XXL Having the SiAcs and Bafc ^ any 
Right-lined Triangle Qimu \ to find the. Segments of 
fhf Baft, th^ Perpendicular, the Area and the Anglds, 

O 




Bifed AB'Jnlj and make AFand AE=AC; and 
BG and BH=BC ; join GE and CF j and let fall the 
^erfendicular CD, on th© Bafe AU. Then it will be 

Theorem i. forC Ar^, vir^ '■■ «^ Now BI— Dl 
thcSegment$qf<..^^~J^^ =De, the Icffcr 



thc'Bafe. 
Theorem x 6yr{ 



oAK 



( Segment 



The 

Perpeth 
dictdur 



Thcpiim 3,,for|3]^3SBllHM- The Jre^ 

S a ^ For 
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^ For the Jfjgh A, there are the fcvcral Tbm^ms 

followbg. 

u As aABxAC : HExEG (: :Ad : DE) : : Radius 
: vcrfcd Sine of A. 

a. As aABxAC : ^/FGxliM (: :AG : FD) : : Radius 
: vcrfed Co-fine of A. 

3. As 2 ABxAC : vl*Oxl*JtlxJhLJixJiU (: :AC : CD; 
.: ; Radius : Sine of A, 

4. As VfCjxfri : VHExEG (: :CF : CE): :Radiu8 
: Tangent of I A. 

5. As vHfi:xJiG: vFGxFH (: :CE : CF) : : Radius 
: Co-Tangent of | A« 

6. As avAlixAC : %^iiExEG (: :FE : EC) : : Ra- 
dius: Sine of | A. 

7. As 2v/ABxAC : ^FGxI^H (: : FE : FC) : -Ra- 
dius : Co-Sine of | A. 

Thus I have furniihed the Toung jilgehraicat (the 
only true) Geometer^ with a CoUcition of thcuK^ 
Ufeful ana Curious of all. the jfnmalous Cafes ^^^^ 
trigonometry^ with the 7ifcwr<i»i. fcfolvinjg difc^;^^; 
I had Thoughts of adding inore, but coiinaerib^^i^ 
to little Furpofe, I chufe rather to refer t;Qt)Mt£eftAi* 
cd Aurhoi%, lAx.fVard^ Ui.Rapfon^ Jhh Harris^ 
Sir IfaacHewtofi^ Sc whence tfaeie were t4|«a;: fl^a 
(ball now proceed to give an Examjiie o£tfaie Mnt^ 
of Invefti|ating or Raifijog: the Syrcgimg Jiw^m i 
and ihall fhew the Reaf6£ of the Vroix&j *hy .«Ki,Ap" 
]X)fition of the feven^ 4«^#^ nea* 

rmsy which are the &uJb:k^iiD]^ of the 

ivhole Matter, -, • TOic 
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The. Example ihall be of Cafe IV. for the firft 
^jbeorettty in order to find the Baji B j and it is thus. 



Let 

And 

Then 

2 iquared 

3 lcf3 4 
3 more 5 

6 extracted 
a more 7 

8divid.bya 

7 Jeffs a 



10. 



H— 194 7 For thefe are Parts 

D=si4^=sS—C f ifl that Cafe given. 



BB-|-Ce=HH=37<53<5.by ne.yil. 
BB— aBC+CX:=DD=i5)6. byJx.6. 
aBC=Htt-DD=3744o. by Jx. 2. 
BB4.2BGfCC«aHH-DD =75076. 

.B+C=:^2HH-DD=a74. by^''.6. 
^C=xv^aHH-^D-D=26o.by^x. i. 



I I ^ 

Thus by the above ^rcce/s at the pth Step, there 
coroesout the Firfi ^e^emy ffhich ihcvfs the J5^ 
to be 144 ; and by the nth Step, you have the Se^ 
condTbmem^ ihewing the Catbetus to be 130; and 
after. tiiiaMaoQcr are the oth^i: theorems invcftigated, 
aod^ irt^vcd iQtp Nqmbera; which I leave to excr- 
. ciiexhe ioupg Attift when it fuita hb Occaiion ; and 
proccjid^^- th9 next Chapter of Ohliqut^atiiled^lain 






CHAP. 
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CHA P. XVI, 

Of the Sehthn efOblique^HgJed Plain 
Triangles. 

WHAT the SptcicB of OUiq»eTrianrfiSM 
may be feca in the Definitiofis ; vou wfll there 
find, them to be of two Sorts, viz. fucn as have all 
their Angles Acute, or each lefs than po^; or iochss 
have one A^gie Obtufe^ viz. greater than ^. Fof all 
the Angles may be fever ally lefs than a Right Angle ; 
but one Angle only ttn be bigger ; by ThHr€m, 1^. 

Every Obliquc-apgUd Iriangh may be fbivtd, if 
there be Given therein die following Parts^ tiffft; 

Brft^ The three Angles, and any one Sijlc. . 

Sectndlyy Twa Sides, and an Angle oppofitcto ode 
of them. 

Jhirdly^ Two ^ides, and an Angle (9(^.p|:eheQ^ 
between them. 

Fourtblyy All the thite Sides. ' ^ 

And thefe fburjC^ *rcaU that can happen man 
Ohliqtu- angled m^ik Tfiaffgh^^ Notwitflftadding 
which, moft of durp^EudpdTiijgcifiometrica^ 
tcrs make, fome five,- and fome fix €a/is ; btit tnth- 
out any Reafon ; for 'tis' the fame Cafe to' find all 
the unknown Parts, as to find one of them; hy d)C 
fame Data. Alfo, to have the three Angles ody 
Given, is not properly any Cafi at all ; for by them 
the Proportion ofthe Sides, but not the Sides theoH 
feivcs,'can only be found ; therefore there can be but 
four Cafes ^ u4 Synopfis which hetc followk 

OfM 
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1^6 Tlain Trigonometry. 

In each Cafe I have referred to the Tbearems 
wherein it is dcmonftrated^ which you would do well 
to G)nfult, or rather to make four fclf perfeftly ac- 
quainted with them ; that fo you ma^ never be at a 
lofs how to proceed dircdly in any kind of Trirom^ 
metrical Cakulatioff. And as I have largely Uiewo 
how to folve all the Cafes of Rigbt^nglea ^lain 
Trianihs by all the ht&^Methods in Ufe, fo it is not 
neceflary here to repeat them ; and therefore I Iball 
only give a Namertcal Solution of thefe four Cafes 
of Oktique Triangles by one of the bcft Methods^ viz. 
by Artificial Sines 9xA Tangents^ or by Logarithms. 

But as I have done before, fo here I have given a 
Scheme of the Given Triangle y and That in the Ta- 
bles, reprelented by Numbers : The Given Triangle is 
ACB, limilar to which, and (imilarly circumfenbed 
is the Tabular Triangle acb. For becauie by Tbeo^ 
rem XV. the Sides Which are alike in Sinmar Tri^ 
angles are in Proportion ; and alfo by SZ^ircr, XXYIIL 
the Sides of ^lain Triangles are to each other, u 
the Sines of their oppofitc jingles \ Theitfefei 
As AB : BC (: : s C : sA) ; : ab : be; and ib of 
the other Sides and Jngks. 



GafeL 
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Cafe I. Ghxn theAn^c A=s43« 30' } 6=59' 30'^ 
C=77'> 30', and tbe Side AB=uQ) to^.»d tteSi^c^ 
AG atfdJdC. 

The Jftaia^CAM sC : AB: :dB : AQ in the Synopfi^^ u^ 
^iforthc^ 
Side AC^CJbab ; AB: :ac : AC; in the '^i^^/^- 

• «• . ... .Vi' : "i: :.. ■ ^ •' • ! ^ v'i- ■ 

T Of oration. 
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Ofttation. 

Com. jirith. 

As the Tabular Side*) ^1 a^„ «^^,^s^ ^ ^, ,^.t^ 

(or Sine of 77- 00') J ^^=974370 1 000=0.01 1 2761 

Is to the Side of the > *!> -^^ ^ .^^.q.., 

Given Triangle, - f-*^ iao=».o79i8i« 

'°^;'5!nTS1;^'^''5}«=««'«»'"~=J^!£f!^ 

gi /;/</ fi&* Side BC. 
'Th. ^f,^i.^i,J^' sB : AC ; : 8A : BC. That is, 

-'■--■ Cm.ArUk 

^'(o?liJ'S'^-)}-=««'<»^"«=»-*4«7J« 
''G!?e?^^':gi^]AC= ■ .o<.«^J;,77 

Cafe 11. Two Sides, AC-mo6.i, ^ari;^ 80=84.77^ 
and an Angltf A=r4^« 30', opfofiu to One cfti^emy bt- 
nig Gven ; tb0nc^ to find the ot£erJk3a%\Mflnd Sides* 

Note i As this C^e is but the Reverie of the Uft* 
jt needs noHskm^'y m\yf6d nixOi bblcrve^ thatil 
one of the two Sides giveq oe the Greateft Side,, nod 
th? Angle o^^tt:lfo:it t6 ftiugUt^ Ihe Angle "ivheo 
^9Qd will be ambiguousi tbs^ i9| 'twill not k certain 
••/•- '■• M. -^ ■■ whether 



Il l ' . ' ■ ' 
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vrhetfaer it bel Accate rat Obtofe ; bcsqstile the Sioc of 
an Arch^ and t]icSlne.0fthsc Arch's Complemeat to. 
i8d JDe^es )» till one, as I have before ihewo ; and 
theieforc) in Mitten df.Confeaoenee, 'twill be beft 
to delineate the TriaHtlf \>j Method VI. or by cal- 
caUtbg' Che third jM*^f*t in order torefdve the 
Ambiguity. 

- CaftHI. 9Vo Sides AC=3io6.i,*»rf BC=84.77, 
and the Angle included C = 77*CX)', beingGiven-y 
thence to find tho other 'Parts. 

Analogy r • - . i- - ■ A-UH A n 

for tLe< As AC+CB : AC-CB : : t^-^^ : t^I-5. 

Angles d » a 

.1 .. : Optratm, , 

AM Sy^^ ^'^« — AC=io5.i 

, :^^**^tThe Side ^- CB= 84.77 

♦- Tfes Sum of the two Sides AC-f-CBssipo.87 
'•' The Difference of the Sides AG - CB= ai.33 
The' J Sum of tie two Angles'^X^zs ci«» 30'. 

0>m. Jrith. 
Therefore," As tht Sam.of the 7 ,^^ o.. 

twd-S»dU-rr-^-- 1190.87=^.719^396 

Is to their Diflference . 21.33=1.9280000 

So is the Tabg«6itof half the!,,, fj . ^ ^^l 
Sam of the unknoWc AtfgtcsP* 30^=10.0993948 

fo Tth6T«»'gent^6rh»!f7 A-B c, ,' '~~ 
' fhcIj:Difli^.cc, rr->~r" • °='^-'^7<52i3 

. . *- * 

;,;:,:• Ta There- 
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Therefore to half the Sam of the Angles 51*30' 
Add half the DiiTcreiice of thofc Aogles— - S oo 

The Sum is the Greater ADgIc-'^"*-^^B= s^ 30 

The Difference' if,thc Leffcr Ai\gle-- A== 43 S<3 ' 

And now the Angles being all known, the othict 
Side AB is to be &jtund by the common uitialogy of 
Ca/elL . _ 

Ca.fe IV. Given all tbrieBidcSy A6=iaoi AC=s 
106.1 ; BG=84.77 > *^ ^'^ *^' Angles. 

The Jhalogy for the Segments of the Ba/e AD, BD. 
As AB : AC-fCB: : AC-CB : AD— DB. 

Operation. 

Com. Jrith, 
As the Greater Side or Bafe ABssi 20=7.^208)1 88 

Is to the Sum of the7 a n 1 r^ .^ o o ^^ . 

other two Sides j-AC+CB=ipo.87=^28o76o4 

So is the Differenced Ar« r-o o 

ofthofc Sides —J^^-9?^ ^i'33 =i'3%^SP9 

To the Diff. of the Scg. AD -DB=25.5^=i.43oj70i 
Hence, to ^ the Sum of the Scg. —^^^^(fo: \] ; 

Add half the PifFcr. now foimd,^^=^^i^^j:0c. 



The Sum is the Greater Segment ADs=y$.iff&c. 
The Difference is the Lcflft Segment 1)3—46.^3 . 

Hence 



^ 
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Hence t$ tlic OkUqut 7ri0nfle ABC rcfolvcd into 
the two Rifbt^a^gkd fria»jfi$ ADC and BDC, in 
each of which there is the SafitBAllyfotbefiuJi Gi« 
ven ; confcqoentlv the two j1figk$ A ahd B are ibuifd 
by Cafe V. of kigbt-anghd triangles aforcgoiog. 
Thus are all the C^cs of O^y/g^iB^i^^^ 
be rcfdved : Bat there is another way yet to fiirf 
the jingles in tlui U& Cafe hycxic Opiraticn^ and is 
as follows. 

JmtherH^aiU te/hhiC^lY. 

■ ■'■ ■■ CAC=io6.i 
Add together the thrcis Giteii S}dc» < AB=i2o 

.: .' ;:vv<BG= 84.77; 

Their Sum is- "• " -fu. ■■■ ' <■ ! %r i,. » „ 310.^- 

The half Sum Is - r - ".. ' ^ v .» — - 15543 

From which fubtrad fevcrally the C 

two Sidfes AC and BC,incW^" 149.33= Kft AC 

ingthe Angle fought Gj and ^70.66=:: Diff BC. 

their Diftcreoccs will bcfj-?^ — i^C 
Then to the Arithmetical fAG=io6.i =7.947284^ 
Complements^f the.SW^s tBC =84.77= 8 J071 757B 
Add tneI;ogarirhmsof the t AG— 49.33 :i i .<J93i i ii 

Difiereqccrbcibte found C.BC i=:. jicjM r 1 M^pi 73^ 

The Sum of dl Which is — — -:- ^9 58>^327£ 

The half whereof is the Sine of 7 'c,, . ^ ^ 

half the fought Angle G pV 30 -9-794^^35 

X>oubk of wbiebis the AnglcCii 7;* 00', as rcquircA. 

: Wbcnb© tfcc cfther Angfes^ are- found by, 6i3 1. i 



tvJ 



V' 
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— ■ — ■ ■ .^ 

, There are yd other Ways to folvc this fourdi Crfi \ 
one of whico for findbg the Segineatt of. the Bafc, 
b Caf0 XII Qi'MaM IX. of kAving<J>faim^ri0$H 
gla by jUg^Vra. / . 

I had ThoQghta.of adding feveral jff^mabusQffis 
of Obliqu€ ^riangks^ with ^0r^M»x for tbeir Sdutioa ; 
but lib^liomttthafi b^i^anfe I have alrefkly. pardjr 
done it by the foregoing nbth Method ojfilwng 
BJgbt'angkd Triangles^ feveral of the C^yZi there be- 
ing common M^ Obtiqu^Trianglis *j andaUb becaufe 
fuch Cafes do not very oftte cafaally occur, and 
therefore though one fhould eive a Collection ol them, 
it nught be to litt;|j$ Pprpote | and fi^ecbapavwhen a 
Cafi q£ that Nature bappena, it may not b^ round a- 
mong them ; and laftljr, confidering that none but 
the Algehraijls are fufficteat for fuch Mattem,^ and thef 
not needing any fuch Supplies, I fhall wave it ; and 
pais^tothe natCbaftor. 

■ ' 

CHAP. XVli. 

Of the Dlmenfitm of. the Spiperficies of 
a Right and ObUque Platn Triangle ; 
or how to find its Jirea hy certain Sides 
and Angles given. 

IT is « Matter genena^ of op ^;k»il MomenC 
or Difficulty, to dc aMe to meafore the Saper* 
it Content or Area d my ^laim Truuighf in one 
'ectttaa Maimer, «r«. by haviog CKven the BaSb, and 

Height 
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Heijght. or Jcrpcodiculgr ; But if any other Parts of 
' the Triaiigle be (Sivciij and cither the Bafc, or Per- 
pendicular^ of bcfth^ be onknowa ; then it is not fo 
cafy a Thing to affign the Area with Geometrical 
Truth, by any common Mechanic or Sorvcyon 

I have.therefore deligned this Cbafter to inftruft 
the Ttmng Qeomitit how to find the Area of any 
^law Trtangtey hy anyfufficient D^^ of Sidet, or 
Sides and Angle« mixtly ;, and for that Purpofe 
I have exhibited Theorems for the true underftanding 
and expeditious Qperatioo of every different Ca/e of 
tht Data I vf))ich theorems t have not found Given 
by any other Author, excepting the Firft only. 

And thofe for a Right^angM Triangle are as fol- 
lows. 

In the fbllowing Triangle^ let B = Bale ; C = Ca- 
Ihetas $ D rr Hypothenuie ; and let c and b reprcfent 
the Sines of the Angles at which they ftand ; and 
JL t- Radius, or Sine of the Right- Angle j and A =a 
die Area. 




Olle L Qim $i93e£t B rs no, ^nd the Cathctus 
Crriaj /pjM/i^f A«a==A? 



•""'■■^"B'C 
Theorem. — ==A^riaa 



9»fciit 
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Ca^ IJ. Given the Bafc B =ao j ^^iHypothcQ- 
ofc ^=23.32 J to find A= /^^ Area ? 

Thporcm. BvI>+BxD-IJ=?A=24p. 

Cafe III. G/w«r /fo Cathctus C = ja} tfirrf ;l¥ 
Hjpothcnufe D = 23.32 J to find tU Afca A ? 

Theorem. Cv/P+CxD— Cr=aAr=a40. 

Cafe IV. G/w/» /l?^ Bafc B = ao; and the Anglps 
€=30*" S7\ andhzr^'' 03' j /^ //^^ //'^ Area = A ? 

BBe 
Theorem. -^=aA=a4Ct 

Cafe V. Given the Cathetus G=ia ; andtheAngbs 
c=yf S7' i ^^^ *^=iP^ ^3 5 ^^ /^^^ A = Area ? 

rr^ CCb ^ 

Theorcin. =::iA=24o. 

c 

Cafe VL Given the Hypothenufe 0=23.32 ; and 
the Angles 0=30'^ 37''^ and b=J9^ 05' j tofipd the 
Area = A? 

Theorem, -r^- =aA5?:24p. 

Cafe VIL Gw/;/i&^BafeB=20j ^i&^ Hypothenufe 
0^=23.32 J i^^iAnglc^r Bafcc=30**jjr'j toJMA} 

Theorem. -^=2-^=240, 

^ QfcVUL 
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Cafe VIIL Qroe^ the Oithttus C^in *^ sniHy^ 

pothcnufe £)i=23.3i ; and Angle at Pcrpendlcuiar 
b»39® o>' y t& findtkf^ Arca=A ? 

Theorem. -^- =s=a A=X40. 

THiis by having any two Sdes, or any one Side 
md the Angles 5ivei»^ m any Rigkt^attrfcd Tri- 
ip^lc, the Area b found with cafe by the lorcgoing 
nbcdrms. • 

;^vf follbw the Tbeorms in like Mittiier fer finti* 
ng the Area of a» O^igM^angJeS Triangli^ 



Cafe r. (Sivflt /» tbtaijaten$ 
Dblique Triangle, /i&^ Angles 

yx=jff^i aMtbe Side B^iz j 
fojff/id^t te'ArczsxzA ? 



-- BBed . 

w Theorem, -vn— =aA. 
Rd 

Caieir Gi\;«>ir«;o^idesD=ia6i; ^/^iC=s8.47; 
Mtf the- Angle mludid^ '^'=='1T ^J /v /«^^^ the 

Arca=A?. 

m^ PCb . 
TheoKm. -g—^raA, 

U Cafe III. 




MiMMfcUMiMVi 
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Cafe IIL Given the tbreeSidcs B=ia; l)«IO^i i 
snJ C- 8.47 ; tbence to find the Kx^-^hH 

Sec the ^twem for this Gi/<r, in Ofe XXL of the 
}finth Method of Solving ^lain triangles hj Jtgehra. 

The firft theorem for the Right-angled ^rian^ky is 
comniod to all ^lain Triangles j and therefore ~=A 
the Jrea of the Oblique Triangle here. 

The Rcafon of this common Theorem is from the 
Grcpmctrical Theorem IX. where ^tis fliewn. that a 
triangle IS Jq& half its circumfcribine ^aralklogrami 
and therctore as the Bale and Height of any ^lain 
Triangle and its Parallelogram are tne fame^ and the 
Frodudr. of theie being the Jrea of the VaraUek' 
gram ; it follows, that half that Frodud 10 the Jna 
of the Triangle, 

I ihall illuftrate this Affair by exem 
•J, II, and Vr, of the Rtght Triangle:^ 
61 the Obiitjue One^ by Logarithms. 

Cafe I. Th4orcra.?^=A. 

To the Logarithm of the Bafc B=«20=i •30 10300 
Add the Logar. of the Gathetus C=i2=3i.o7pi8ia 

The Sum is the Logarithm of 80=240-2.3802111 

B{^ 
Which divided by 2, is — — - :ssilo^Athcj4rea 

2 




Ca&IL 
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■ .. ■ -.HI."" -. 

Cifen. ThcOTcm. BvlH^BxP-B^aA. 

The Sjjm is — D+BxD— B «» a.i 57(^ 165 

The half Sum is vT^TSx^IB «i.078pi^> 

To that add AcLogar. of the Bafc Bi=Ao ^i.50i03(X> 

' as before. 

Cafe 71 Theorem. ■^^=a A. : 

TheLogar. of the Hypodi. D=^3.32=i.3^77i85 

The fame again ' . < i.3677^°5 

Add the Sine of thcAng. at Ba&'c=yo*S7'=9-7 » » ao^o 
AadtheSmeoftheAng.atPerpwbss59 03 ^^933^9i^ 

The Sum of all is tl^ Logar. of DDbc=2i,37pp^8t 

From which fuJ««^I>oabler _«„.^^^^^^3 

Logarithm of Ridiusi— J -RRt ^20,ooooooo 

There remains the IiOgarithm> ^ . _^ ,^ ♦ "--nn cR t 
of the Double Atc^ — ^j-iA=240=t.379Pi8> 

as before. 
Cafe III. Of tkc Oblique Triangle re/ohe^. 
Theorem. ivF<ixJt''HxHEx£G=A, 

From * dws ConjSderation of the Straaarc of the 
Schmt to C0y» XXI. of MftJbod IX. Yon may ob- 
fcrve the foveral Parts of this-Tifewm, to anfwer to 
the Sides, &c, of this OkUqug Iriangk as is here fet 
down, w's. ^ % FQ 
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FG=]B+G+D, the fum of thethiscc Sidce, wf. p .08 

FH=B+D— C=ia+io.i6-8.47 = '■ ^14.14 

HE^^+C—Basio/Si 4-8.47— la = '. — r-- ^M 
EG==B+C—D-=ia+8.47— 10.61 xhp -— t-t- 9.86 

Thcfcfbre the Operation is very j:»ly hy L^^^f^s, 

C FG-=3 1.085=81.4924810 

The Sjun pf all is — 4486840$ 

ISomistheLogar-oftiie Sa\i. Kqpf I7$.i«=:}^434203 
Sabdad the Logaijibfn of' ■ - 4=«e.6oao(5oc 

pLemains the L«gtg.ef the Axt^ As43^=»i.6fi5<8| 

Thas I have ftewn a MetM^wf (Smef «l,asdll«v 
(as to the Form) ^ fiodiag t^ Arca^ of aH <!mM» 

7r/tf/;^/tf5 with great Exa^i^ and ]pixpe4itioa TJjqt 
who would fee the Pcmoi^ration t>f ^ifs laft eifr 
cellent T^mavt (or rather its Analytic inyeltigat(oi^ 
snay be faiisfied by coofidtbe 9rokfmlKX.ni itM 
JLJ. of Sir .$<atf^ AfSfVAv's J|^#. 



The 




CONTAINING, 

The Application of Plain Trigono- 
metry to the Ten following Ma- 
thematical Arts and Sciences. 

I. Navigation in Six ieveral Kinds. 
IL Cofmographj and Geography. 

III. j^fironomy, 

IV. fortif cation, 

V. *The Do^rins of Proje^iksf or 
Gunnery, 

VI. Mechanics f or Science of Motion. 

VII. yiltimetry and Longimetry. 

VIII. Surveying, SCc. 

IX. 0^//V/ in both its Branches. 

X. PerfpeSiive. 

In all which are many Propofitions very 
rare and curious ; and Ieveral not any 
where elfe to be found. The Whole be- 
ing a more comj^eat Application oi' this 
Art, than was ever yet extant. 
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CHAP- I. 

The Application of Plain Trigonometry 
^ the Art Of Navigation ; by the 
Plain Chart; Mcrcator's Chart ; Mid- 
dle Latitude ; Parallel ; Current^ and 
Oblique Sailing. 



THAT the Ufc and Ncccffity oi^IainTrigiH 
nametry in all and every Part of jReOilineal 
Navigation] is evident to every one who maketh but 
the leaft Pretence to Matheniatic Knowledge, muft 
be far beyond Difpute; fuch mnft know, that 'tb 
the verj^ Bafis, Foundation and^ Eflence thereof: 
What tbllows then is only to make this appear to 
thof^ who are as yet unacquainted in Mathematical 
Studies, and bavC a deiire to be informed therein ; 
and may nptwithlbadingierveas an/^;»7^iriil<^j even 
to the Speculative Mathematiciaiti ; Who for w^mt pf 
conftant Pra^ice, muft flan4; W need fometiines of 
making a curfory JECevicw bfl^erufal of the variow 
Parts of this Art. 

»-»...■*.,,■" , ' ^. ■ 
I ihall begin with (hewing, how a Right-angled 
^lain 7r/tf/ig/^. is .applied to .Sailing by the ^i^iin 
Chatty called ^lain &aitif^.\ * -: /. 

Latitiid^ 



V t ' < Hi 



iS% 



T'iaitt Trigaiametryy. '. 




-\\\ 



Latitude failed ^ 

latitude conw ^' 
m,- 33° 50' A 






V^j "' Dcpartarc I3a.4 



: In tbe Figute iabovd" W€£ itMlini« dnii h^o£ 

Soipttofe ft Sh%iitftSe£atttwJtbf3;^3C?JS^it!i, ; 
feta iiil betwcoi tlib Sbtith and £BiE^fobtis,TttjM^ 
41 Points to the Eaft, or on the Rotnb SE ^ E. Wm^ 
makes an Angle with the Meridian or South Point, 
of 47° 49' ; and file feilcth 'iill hc^ DIficrenceOf La- 
titude be jaft a% or lao Miles, or 4oLeag^e» ; and 
it be required to find her DiAanee run> and !Dbpar- 
ture from her firft Meridian, or Difference of Lon- 
gitude. 

In this Cafe, let C reprefent the SIups firft Place 
Ui Latitude SS' 3c', then continue the Aferidtan Lone | 
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of the Compais c G to A, and make CA= 1 20 Miles ; 
and DOv\r bccaufe, in the Conipafs, the dotted Line 
be is the Runib on which the Ship fails, an4 bcC 
the Angle of the Gourfe ; therefore if from the Point 
G there be drawn the Line GB parallel to cb, the 
Angle BCA ihali be equal to the Ande bcG (or 
b c AJ \>y theorem III ; and confe<}uent^ the Angle 
C is the Ship's Gourfe, and the Line CB the Rumb 
on which Ihc runs her Diftance ; on A draw the Line 
AB at Right Angles, and continue it 'till it meet the 
Rumb CB in B ; then is the Line BA the Departure, 
or pifierence of Longitude the Ship has made in 
failing from G to B. 

From this Conftruftion 'tis evident there arifcth a 
Right-angled Triangle, viz. The Triangle ACB 
Right-angled at A ; m which, 

1 . The Cathetus AG, is the Diffewnce of Ljitltude . 

2. The Bafi aB, is the Departure ; or Diflterencc 
of Longitude. ^^ 

3. The Hy^tbenui CB, is the Rumb on which the 
Diftance is tailed. 

4. The Angkat Perpendicular ACB, is the Ship's 
Coarle. And 

5. The Jngh at Bafe ABC, is the Complement of 
the Courfe. 

From all thb 'tis manifeft, that the Solution of 
Caies of Sailing by the ^lain Cbarty is nothing elie 
but the Refolving the fevcral Cafes of a Rigbt-avgUd 
^lain triangle by any of the foregoing Methods. 

Example of all the Siic Cafes. 

L Given the Ships Difference of Latitude ACrruo 
Miles J and Qmrfe SK^ E. or the Angle C=47^ 4P'- 

X Then 
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Then b)^ Cafi II, of Right TriangJes^ theDiftancc 
run BC will be found to be 178.7 Miles; and the 
Departure AB=i 32.4 Miles, or a^ la' Difference of 
Longitude. , ^ 

II. Given the Sbifs Cotirfe C, and Diftance CB, as 
before found\ ^en will the Difference of Latitudi 
GA, and Departure AB, he joundy hy Cafe III of 
Right Triangle. 

III. Given the Coarfe C, and Departure AB ; then is 
the Difiance run CB, and Difference of Latitude AC, 
found hy Cafe I 5^ Right 1 riangles. 

IV. Given the Difiance run CB, and Difference (f La^ 
titude AC ; then Jhall the Courfe C and Departure 
AB, be found by Cafe VI of Right Trianglca. 

V. Given the Difference if Latitude AC, andDtpar^ 
ture AB ; then the CourfeC^dnd Difiance faiieaC&^ 
is found by Cafe IV 0/ Right TViangjlcs. 

VL Given the Difianct failed CQj andtheDepartwre \ 
AB ; then mil the Difference q Latitude CA, and ' 
the Courfe C, be Jound by Cafe V of Right-angled j 
Triangles. \ 

And thefe are all the Cafes of ^PUin Saiting ; which 
cannot need the Operations in Numbers to make it 
more evident and intelligible than it is already in 
every Part, to any one who underftands the forego- 
ing Doftrlnc detain Rigbt-^angledTrianghs. 

In this Chart the Degrees of Longitude are lap- 
pofed equal to the Degrees of Latitude in any Place 
the Ship is in j and therefore as the Degrees of Ln^ 

'fitudc 
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titude arc reprcfent cd b Right-Lines, fo arc the De- 
grees of Londtude ; tod hence the Departure and 
Difference ot Liongitude, in this kind of Sailing, are 
all one Thing ; bat this Soppoiition is intirely falfe; 
and the whole Chart fyunacd thereon is erroneous ; 
fpi the Degrees of Latitude arc equal to the Degrees 
of Longitude only in tne Equator j but in no other 
Parallel of Latitude whatever; and therefore this 
Chart can no where be exaft, and is of ufe only in 
thefe Farts which lie near the Equator^ and in UJ^ 
Sailing. 

Mercators Sailhg. 

IN order to have a pretty good Notion oiMtrca^ 
cator Sailing^ or Navigation by Mtrcatof^» Chart y 
the following Things «rc^ to be well attended, oa 
which this Sort of Sdling wholly depends, viz. 

Virfi^ If it be propofed to delineate the Parallels 
and Rumb-Lincs^ i» WcU as the Meridians, on a 
Plane, (with Ex^ftwft) io Rieht-Lines; then be« 
caufe the Degrees on the Parallels decreafe in the 
Proportion ottbefGcHiine of the Latitude' of the Pa- 
rallel to the BLadins, or as Radius co the Secant of 
the Latitude (as will appear by and by in ^aralftt 
Sailing^ Thcrefbrc ionramtiig this (li^rrf the Degrees 
of Latitude on the Meridians muft be inlarged in the 
fame Prbportioo^ towfard each Pole; inoMcrthattbe 
Peeree9 <>i Lbnsitude on the Parallels, may be ea ual 
to qx)ft on the Equator; and fo the Meri^JMans all lie 
paralM ; ind the iftoportioot 6f fiaftrog^imd Weiting, 
and of Northing and Southing; nu|y tie ftill the fame 

S^en^j Tis evident then, that the Length of a 
l^cgrce,' or any other fmall Arch on the Meridian 

X a thus 
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thus inlarged, is every where equal to the Secant of 
its Latitude; P'or, as Radius looo t 60, the nautical 
Miles in a common Degree of the Meridian, : i 1228 
the Secant of 35^ 30' Latitude : 73.68 Miles, an in- 
larged Degree of the Meridian in that Latitude. 

Tlbirdly^ The Diftancc of any Point of the inlarged 
Meridian from the Equator is equal to the Sum ot all 
the inlarged Degrees or Secants, bctweei^ it and the 
Equator. 

Fourthly^ The Diftance between any two Pafallels 
on the fame Side of the Equator is equal to the Dit- 
icrencc of the Sums of all the inlarged Degrees or 
Secants contained between the Equator and each of 
the Parallels. Thus, 
The Sum of the inlarged Degrees to Sf 30' is 3281 
The Sum of the fame to '■ 33^30' is a 135 

The Difference of thefe Sums r is 146 

Which therefore is the Diftancc of the two Paral- 
lels of 35"* 30', and 33^30' Latitude, North or 3outh. 

Fifthly^ The Diftancc of any two Parallels on con- 
trary Sides of the Equator, is equal to the Sum of 
the Sums of all the inlarged Degrees or Secants, con- 
tained between the Equatoi: and each Parallel. 

Sixthly y By the continual Addition ofthofe Se- 
cants or inlarged Degrees, is framed a Table, called, 
ji TabU of Meridional ^arUj or (as they mav be 
called) Mercatorial Miles:, alfo hereby is the &alc of 
Meridional ^arts ffzdwtcd. 
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Seventblyy Since in this Chart the Meridians are all 
Parallel Rigbt'Lines; the Rumbs alfo, (whole Pro- 
perty is always to make equal. Angles with all the 
Mendians) will here be all firait Lines; confequently 
the Ship's Way, Courfe, Di£Perence of Latitude and 
Longitude, ^c. will in this Chart alfo form a Right-- 
4tngled TriafjgU ; and if the pro]3er Difference of La- 
titude and Departure be therein rcprcfented, there 
vrill be conftituted two Similar Tratigles ; one defcft- 
ive, proper to the ^lain Chart j the other true and 

forrcA, prqper to the O&^r^, or Kind of Sailing, now 

under Coniidcration. 
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Eighthly^ Now let the Cafe before refolvcd by the 
9Uup Charts be here reafumed; in the preceeding 
Scbitnt then Ca is the proper DtfFercnce of Latitude 
given ; C b is the Diitance run ; and a b, the De- 
ptrcnre^ as in ^lainSmUmg : But that bebg erroneous, 
IS correfied by this Method; for b ue Triangle 
ACB, there 

Ftrfi^ CA IS the inlarged Difference of Latitude. 

Seetmdlyy AB is die mlarged or real Difference of 
Longitude. 

Thirdly^ CB is the inlarged Diftance j and 

Fourthly^ ACB, is the Angle of the Courfe, as 
before. 

1 New in the Triangle ACB, there is given AC= 
146, {the inlarged Difference ef Latitude by Arti- 
cle 4. ; and the Courfe SE ^ E. or 47° 49' the 
Quantity of the Angle ACB to find the Reft. 

Then by Cafe II of Kirbt-^angled Triangles^ the 
Difference of Longitude AB. wll be found TOt.i. 
or 4*^ or. The Departure a 0=1324; and the Di- 
ftance Cb=i78.7. as before. 

11. Given one Latitude^ Courfe ACB, and Vifiance 
Cb ; then the proper and inlarred Difference 
of Latitude Ca, CA; and the Departure ab, 
and Difference ef Longitude AB are found by 
Cafe III and II f Right Triangles. 
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III. Givin the Diffirtnce of LatittuU Ct, and CA ; 

and Dtftance Cb; then the Courfe a C b, and De^ 

partutt a b, arc found by Cafe IV ; and the DiJ^ 

jcrence (f Ltmptudi AB, by Cafe II of Right 

Triangles. 

IV. Given tbe Difference of Latitude C a, CA ; and 
Difference cf Longitude AB ; then fhall the Courfe 
ACB, and Diftame Cb, be Jound by Cafe IV; 
and the Departure by Cafe II or III of Right 
Triangles. 

V. Given one Latitude C, Courfe ACB, and Dif^ 
ference of Longitude AB ; theft tbe Difference of 
Latitude AC and aC is found by Calel; and 
the Dijiance Chy and Departure ^b^ by C^cU 
of Right Triangles. 

VI. Given Difference of Latitade C a, CA ; and the 
Departure ab; then the Courfe ACB, and Diftame 
C b, are jound by Cafe IV j and the Difference of 
Longitude AB, by Cafe II; or thus : (by Theorem 
^y.JasCtL : CA : : ab : AB. That is, as the 
proper Difference of Latitat : the inlarged Dif-^ 
ference i: the Departure : tbe Difference ef Lo//- 
gitude. 

Thcfc arc the principal Cafes of Mercator*s Sailing r 
This Chart was indeed firil published by Mercator^ 
and was therefore called by his Name j but was firft 
demonftrated by otie Mr. Edward Wright ^ our ovra 
Countryman. 
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In this Diagram for Middle Latitude Sailings 
C a=FA is the Difftrcncc of the two Latitodea 
given. 
AC b=a C b is the Courfe (as before) SE ^ E. or 

47^9'. 
C b, is the Diftance Sailed, 
ab, is the Departure j and AB, the Dif&rcncc 
^ of Longitude. 

So that the Parts of the Ship's Motion arc here 
found in tv40 Right^'aughd Triangles aCb, and AFB, 
as in Mercator Sailing:^ only there they were Similar, 
but here they are not. The Solution then of a Right 
triangle performs all the Conclufions of Middle La^ 
titude Sailing. This kind of Sailing is wholly con- 
tained in the two following Theorems or Analogies: 

ir.rr jAsFQ^: OQ^:: FA : AB: 
^'^- IAsR : SC :: Cb : ab. 

The firfi Analogy in fFords- 

As the Co-Sine of Middle Latitude, FQ 

Is to the Tangent of the Courfe, OQ^ 

^^ is the Difference of Latitude ——FA 
To the Difference of Longitude AR 

The Second Analogy in Words. 

As Radius R : is to the Sine of the Coorfe C, 
So is the Diftance Cb, to the Departure ab. 

The Demonftration of the fix&AnaloBf is cafy, thns: 
In the Quadrant ELC, the Middle Latitudic ia fet 
fiom E to L s and therefore Le, is the Sme, ami 
cQ^the Co-Sine of Middle Latitude; butcQ^ 
FQj andOQ^is the Tangcot of the Angle OCQi 
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vim. the Couric ; farther, the Triangles OFQ^ and 
BFA. arc iimilar to each other ; and therefore their 
like Sides will be proportionable, w*. 

As FQj OCL: : FA : AB 5 by Theorem XV. 

The Second Jfiahgy is only Ca/i IL , of Rf^bt^ 
angled ^lain Triangles^ 

Suppofe both the Latitudes given, viz. 35^30' 
and 33° 30', ajnd the Courfc SE :E. or 47*' 49', as 
before \ to find the Difference of Longitude, DiJlancc 
and Departure, 

The .wo Lad«d«— {3_fgZ gK* '"" , 

The Sum thereof -69 cD* 

The half Sum is 34 30 the Mid. Latitude 

The DifF. of Latitudes — a 00, or lao Miles. 

Now to find the Difference of Longitude, fa/j 

Com. Jrith. 
As Co-Sine of Mid. Latitude— 34^30'= c.0840063 

I» Z^, ■^^^f_^\ C=47-4S. =.ao427«8, 
So is the DifF. of Latitude FA - 120 = 2.0791812 
To the Diif. of Longitude AB- 160.6= 2,2059564 

The Diftance and Departure, are found as m both 
the preceeding Methods of Sailing, and of the fame 
Quantity, 

Y Whatever 
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Whatever Cafe fhall happen is fpeedily refolved 
ty the foregoing JualogieSj and though not fo prc- 
cifcly true as by Mercator*a Charts yet is fo very near, 
as that the Difference is of little Regard ; and this 
Method hath tliis Compeniation, its to be clear and 
void of all Ainbieuity, which Mercato/s Sailing is 
not* This is performed without fables (f Meridith 
nal ^P arts J with the equal Eafe of any ^lain Triangle ; 
wherefore on thcfe, and fcveral other Accounts, this 
Kind of Navigation is defervedly efteemcd an inge- 
nious Invention^ and more naturally exad and ex-> 
pedidous than any other, Mercator$ not excepted. 
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fTp H fc 7be(^ of this Sort of Sailing is contained 
JS, in the following Scl 



Scheme. 
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In this Sehimsj let AB be the Sioc of 51° 30' North 
Latitude, then ihail A b be the Co«-Sine of tfait 
Latitude, and alfo die Radius of the Parallel tb^-eof^ 
and AC the Kadius of a Great Qrcle of the Sphefe. 

Of thefe Lines there is cbmpofcd two equal and 
equiangular Triangiea, CAB, andCAb. Make Ra- 
dius AC=6o, the Miles in one Degree of a Great 
Circle ; and there will be Given tlw Hypothcnufe 
and the Angles in each : Hence it will be, 

L As the Radius of the Equator AC lO.oooooob 

To the Length of one Degrees oi^ooR 

in the Parallel. ^^^'^^^ ^^S7^30o^ 

IL As the Length of one Degree in the E^uatof, 
60 Miles; 
Is to. the Length of one Degree In the Parallel df 

So IS any Difference of Longitude in the Equator, 
in Miles: ' 

To any Similar Part, or Diftance Sailed, on tho 
given Parallel. 

III. AsClkeCquSibidfaiijParallel, : is to Radius; 
So id any iTifttoge Sailed on that FarirUel, 

To the iKflcrence of Longitude on the Equator, 

IV. As the Co-Sine of any one Parallel^ 

Is to the Co-Sine of any other Parallel ; 

So is the Length of any Arch on the firH Paral- 
lel. lnMilc#^ 

To the iM^h of the fame Arch on tb; othcr^ 
in»^l«. 

Y* Thefc 
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Thcfe Proportions evidently flow from the G)n- 
ftradion o£ the Scheme above; and from, the Pro- 
portionality of the Radii of Circles, to the Qrdes 
.thcmfelvcs, and alfo to their Similar Parts ; than 
•which icarce any Thmg is more commonly known, 
or more eafily proved* And by them are all the 
Ca/es cf'^amM Sailing refolvca vsrithout any Dif- 
ficulty, or farther Inftruftion ; my Purpofc being 
only to ftew the young Student, how both Theory 
and Pradicc oi 'Navigation clbecially, and moft other 
Arts Mathematical, depends on and arifeth from 
.the Nature, proportion, and Solution of ^laitp 
Triangles. 

Current Sailhg. 

SOME Cafes of this Sailing requke no ^rh 
gommetry : 

X Mj fuppofe a Ship Sails SE ^E at the rate (f Jk 
Miles an Houty in a Qirrent that fits SE^E. ik 
Miles an Hour. *T$s plain the Ships true Motion 
or Rate of Sailing is the Sum of the Motions both 
of its Self and oj the Current y viz. 8i in an Hour 
on the fame Rumb. 

11. y a Ship fail SEiE. at th» r^te of ekbt Miles 
an HouTy in a Current that fets NWjwI 5 Afi?« 
an Hour. Here 'tis manifeji the Difference of the 
Motion of the Ship and Current (as being direSlly 
0ppofite) will be the true Rate if tbd Sailing^ viz,. 
three Miles an Hour* 

III. Some Cafes require the Solution^ a Right-angled 

^ Triangle \ as ft^pfofe a Ship fail dire&ly South i lo 

Miles in 24 Hours ; and in a Curr^t that fits 7a 

Miles 
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Miles Eaft in the Jamc ^ime^ and her Coiirfe and 
inftance be reauired. In the adjacent P igurc, let 
BA reprefent the Line oj the Ships Cour/e N and S. 

a c 

when fie is at B ; and kt AC he the Eaft Line of 
thefetting of the Current ; then fiall the jungle ABC 
l^e the Ships true Courfe arijwg from this compound 
Motion ; and BG the Rumb Une^ on which fie 
has failed from h toC 

Hence in the Triangle ABC, Right-angled at A, 
there are Given the Side ABrri 20 Miles ; and AC= 
72 Miles; to find the Ship's Courfe ABC j by Cafe IV. 
of Right Jriangles. 

So is Radius — -r-^ 10.0000000 



To the Tangent^ 

of the Ship's >ABC=3o^57'= 9.7781513 
true Courfe— 3 

Therefore the Shi p doth really fail SSE a^E ; and 
hcrDiftancc failed, is vABq-f-ACq=BC=^ia4i8Milcs. 
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IV. Some Cafes require the Solution of an Oblique Tri- 
angle ; thus^ Suppo/i a Ship /ail Eb N. ^/ the Rate 
of 120 in 2^ Hours \ in a Current thatfets NWb W. 
%\ Miles an Hoar*^ and her Courfe and Diftame he 
required. , 

/ 
Jn the Scheme adjoined, let C A reprclcnt the Ship's / 
proper Motion ; and AB the Motion of the Current 
rJ W b W. (as being parallel to Ca) ; then Ihall the 

TVfeyf [ .J::^Ji^;?r:rrr^ ayt 

C i 

Angle ACB be the Ship's Courfe ; and CB the Ruriib ?' 
or Diftance failed ; and B the Place to which the ^ 
Ship is arrived. i 

Hence in the Oblique l^riangle ACB, there is Qvcn ^ 
two Sides CA=iao, and AB=:i6o ; and the As^ ^ 
included G AB-=:45® oo', as being equal to four Points ; ' 
then by Cafe III. of Oblique Triangles^ there will be 
found the true Courfe ACB:=33''45', which addai to i 
ii^'ii' or EbN. makes 45% and flicws the Rumb 
CB to be NE. and the Diftance failed thereon from 1 
C to Bj will be found to be 76,36 Mies j by Cafe I 

Oblique Sailing. 

I. VU^ <POSiE two Ships fail from the famo 9ort 
" A, the one fails NE b N. 76 Miles ; the other 
fails ESE. to B, where (be faw tb( firft Ship hear 

NWbN. 
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-NWbN. ^^Dijfance (f this fecond Ship frt>ni 
the <J>ort A, and Jroin the other Ship at C, is ^- 
manded? 




In the Obliqu$ Iriangk ABC, there arc Given the An-^ 
glc CAB=7b°4i', or feven Points, (AC being five 
Points to the North, aad AB two Points to the South, 
of theEaft PobtE). Alfo the Angle ABG=bA c= 
35^45'; ^ ^iog ^he Di&rcnce between NWbN. 
and WNW. viz. three Points j confcqucntly, as thd 
Angles A and B together make ten Points, the thb'4 
Angle C niuft be fe Points, oi 6j^ 30'. Whereforti 
all the Angles, and one Side AC=76 Miles,, are 
Given ; tfo nad the other two Sides AB and BC. 

Whence bj» Cafr I. oi (^ttquBTtiangUsy there will 
be fboQd the PiUance of the fecood ^>hip frOQi thai 
Port A, viz. AB=i264; and from the hrft Ship at 
C, viz CB=i344l Miles, as required. 

11. Swppo^^ tm^crts AaigdB /jFi>ff ESE. and WNW. 
dff^ each other I and from the wejhtmefi^ ^Port A, a 
Ship /aiis- NEbN. ^6 Mhs:^ amther Ship de- 
parts from^mjtemeft^ort B,, and. faiUj.iA^i 
Milesy and then meets thet /ormer at C* J^mre 

the 
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the Diftance of the two ^ortSy and the Courjh tie \ 
Ship hasjieered? 

In the Oblique Triangle ACB, there arc Given the 
Side AC=76 Miles ; and the Side BC=i34,i ; and 
an Angle oppofite %6 one of them, viz. the Angle 
CAB J for C is five JPoints tothe North, and B two 
Points to the South of the Eaft Point E ; the An- 
gle A then is feven Points or 78*^45' : Whence by 
Caf ell. oiOhJiqae Triangles ; there' will be found the 
other Side AB=i 26.4 the Diftance of the two Ports; 
and the Angle ABC=33®45', confcquently the fecond 
Ship's Courlc was on the Rumb BC parallel to c A, 
N W b N. as required. . 

III. Jdmit I fail from a certain ^ort k^ 116.4 Miles \ 
ESE ; but by a fudden Change of IVind^ am ob^ 
liged to traverfe that Cottrft 6n the N W b N. Rumh \ 
1 34. 1 Mies \how far ami from the ^ort A, 0nd i 

• M what ^oint haw 1 made my Way good? j 

By the two Given Sides AB=ia64 Miles; and 
BC= 1 3 4. 1 Miles; and the Angle included ABC== ' 
33<^ 45', the Difference of the Kw bN. and WNW. 
Points; there will be found, by Cafe III. of Obliqtie 
7riang/esy the Angle BAC=:78^45'; and there- 
fore, fince AB is ESE. the Courfc from A to C is 
NE b N ; and the Way made good from the Port 
A to C, will be found AG=76 Miles^ as required* 

IV. There are two ^orts A and B lying ESE. ani 
WNW. 0^ each other, and difiant apart ia^4 
Miles ; and there is an I/land C lyin^ Korthwardy 
difiant from theWeJtermyi ^ort A 76 Miks^ and 

from the EaJfermo/t^ortB 1^4.1 MileSj it is de^ 
manded on what Joints the faidlfland C hears 
from either ^ort A and B} , . 

la 
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In the Oblique TriangU ABC, having the three 
Sidei given, the Anglea are to be found by CafelY. 
tiGbfique Triangtes\ thus the Angle A fhall be 
found 78*^45', and Ihews the Ifland C bears NE b N. 
frpm the Port A J and ^ the Angle B will be found 
33^ 4i', and therefore C muft bear NW b N. from 
the Port B, and thu3 the ^rohkm is fati^fied. 

Thcfc are all the dire<Sk or racft ufual Cafes ofOh^^ 
tipie Safli^g^ which arc fufficicnt to fhew how the 
wboteDoarinc of Ob/iqui angkd^Trian^es is con- 
cerned to refolve ^r(?^/^«w in this Sort of !^v/m;/(?»j^ 
end alfo' how any bth^ Cafis of OhHqite Sailings 
like to thefc here fpecificd, may be ealily rcfolvcd 
by any one who has learned what hath been before 
delivered of Oblique Trigonometry. 

Thus I have finifhed a copious Application of the 
^cioAn oiRigbtrfimd fripmomttrytQ the vari^iis 
)^id»iH^lain oit^BjUUHmalSsiHiig;^ what relates 
{to; nealGrr^ Grc;f§ Smkng^ wd to the mtking and 
^iii%'bytbeGA»^ir^r.07«f)^, wtU bedcUveted ifi 
^ Second Ektt !ofithts Woikr 
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CHAP. y. 

Plain Trigonometry applied to Cofmogra^ 
phy^ in Meafuring the Globe oj the 
Earthy and its Jeveral Parts j alfo of 
the Atmoiphcrc, Rain-bow, Clouds, 



f^Ofmo^apby^ according tx> the Etymolpgy of the 
^ Word, (which is compded of Kcw-jt*©^, Mmdiu. 
the Wwld\ and ^^^^i, Scfifttm^ a Defcriftum^ ) 
fignifies a Ddcription of the World in generaL iq- 
clading all that is known or to be known of the 
Heavens and the Earth. But in a more limited Senfe, 
it is taken for the Science of this terreftial Globe oo 
which we live, with its Appendages, as the A^nrf-^ 
pbercj its MrtearSy &c. 

lihall apply the Do^rbe o( ^lai$f Tri^tmcmitry 
to Cofmography onl|r in this latter Acceptation ; and 
ihall (hew how by its Service, the Dimenfions cf the 
whole Earth, and its feveral Parts, as the Torrid^ Tm^ 
perate and Frigid Zonts^ the Height of the Otmds \ 
of the Jtfnqfpbert '^ the Dimn/ms of tbe JEUiff- 
how J Sec. 

And firft of all I (hall (hew how by Trigonomei* 
try, the Gbram&rence, Diameter, ana conlcqucndjr 

the 
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be Magnitade of the whole Earth was attempted 
Iby the indents; who for that Purpofe u£rd Icveral 
I Methods J as 

I. Suppofcy intUadja- 
««* Fifftrt AEFG 
reprefemsa great Cir- 
ef«y or the Qreanft' 
retice of the Earth ; 
and BD the pirpen- 
dicular Height offome 
Mountain^ as Tcne- 
nS for Inflame'^ and 
A she farthefi <Point 
of Sighty from theTop 
thereof. ^ 

•Now by good In- 
jTumcote, the Angle ABD may be taken, and the 
Mde AB may be known, and the Angle at A being 
*A5^"lSf*^' there is, in the Right-angled Triangle 
'^?S. r^? *® SideAB=i7o^ Miles fuppolc; 
«.d aH the Angles fappofing B=^«ai', to fin^ the 
oide AC or Scmidiameter of the Earth. 

Then by Ca/e II. of Right-angled Triangles, fay j 

As the Angle at the7 ,^„ „ , „ / 

Earth's Center ]- ACB=: a*3i'=i.34<5o8pf 

Is to the Side AB in7 

Miles, wjs.: / 179.5=2.2541110 

So is the Angle at thcl a^^ o • , 
Summit— , }- ABG=87«a5'=p.ppp4535 

To the Earth's Semidi-T . ^ — 




%% 



Hence 
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Hence the Earth's Diameter is about Tpj^ Mil 
<nd 79J& maltiplied by 3.1 416 will give the Qrcmnj 
ference of tne whole Earth about ajoao En^gUj^ 
Miles. 

II. &im^^ wb$n the Mountain Is not fo very higb^ pror 
ceed hf a fuond Method^ thus \ 

Soppofe 6D be the Altitude of a Mountain^ equal 
to 7 a Milc^ and the Diftance A, the Bound of Vi- 
lion, be found 44.6 Miles; now the Arch AD being 
fo very fmall a Portion of the Earch^s Circumference, 
may be taken for a Right-Line ; and then in the 
Triangle ADB, Right-angled at D, there is Given 
the Side BD=c.i, and AD=44.6, Englijb Miles; 
to find the Angle BAD. Now this Angle is found 
by Cafe IV. of BJ^ht frianglesy^ to contain 38 Mi- 
nutes. But (by Similarity of Triangles) the Angle 
A is equal to the Angle at C^ whole Meafure 
is the fmail Arch AD ; wherefore fay, as the fmall 
Arch 38' : is to 44.6 Miles : : lb i« 60' : to about 70 
Miles ; the Miles in one Degree being thus knowo^ 
the whole Periphery, (which contains 360 Degrees) 
is eafily known. 

Or otherwife thus: Becaufe of the limilar Trir 
aneles ABD and CDA, it will bc^ as BD - AD : : 
AD : DC, that is, as i a Mile, is to 44.6'Miles; • 
fo is 44.6 Miles to ^^^ Miles, the Length of the 
£larth-s Semedian^eter, ; whence the Qrcumfereoce 
is found 25020 Miles, as before. 

III. By a Third Method the fam Wtnge ^re found 
thus: 

Suppofe that only the Altitude oiTpieriff BD w$re 
Given, 4 Miles; and the Angle ABC to be tal^en 87^25' 

tl^en 
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the Angle at C, U a^ 1$ ; of this Angle CB \^ 
ecai)t, and the Part tlieieof Cp is Radius; hence 
bjr a Table of Sihes^'Tafigents^^afid Secants) wc Ihall 
^'%vc'th\s j4fiahgy^ as the Excels of the Secant of 
Mi' above Radius (v/2. 1001017—1000000=) 
r:|0i7, in Parts of the Radiqs : is to Radius looocoo 
: :k) is BD=4 Mifcs, : to DC in Miles, viz, ^^7% 
as before 

Or thus, as the Excefs of Radius above the Sine 
of the Angle at B : is to the laid Sine : : fo is BD 
in Miles : to AG or DC in Miles ; when the Height 
BD is not very great. %^ 

IV. ^Fourth Method yet more accurate and cafy 
than the joregoing^ is thus : 

In the adjacent Figure, 
IctB and A be theTop3 
of two very high Moun- 
taiDSj Towers, ^c. and 
let the Diltance between 
them DE be accurately 
meafurcd; next with a 
good Inftrument let the 
Angle CBA, and the An- 
gle CAB be precifclv 
taken on the Top of cacn 
Hill: thenwill the other 
third Angle at the Center 
C be known, fuppofe 1^*25'; and fuppofc the Mea- 
fure of that Angle DE, or the Diftance of the twq 
jMountains, were found 5>8 E^g/ijb Miles ; They make 
:his Proportion, laying } 

If the Arch DE^^i^a^ contain 08 Miles, what 
mil the whole Periphery contain, being 360 De-?. 
jrees ? Anfwer, near a jpao Miles. 




^•u-^r 



:;^ 
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V. Eratofthcnefs {who lived about aoo Tears 
Cbrijl) is reported to have ufed the jollewing Nbti 
for this^urpofe: '* 




Suppole D be a Place on the Earth on which the 
Sun's Rays fall perpendicularly and proceeds to the 
Center C ; and B another Place on which ^t the 
fame Time the Rays fall obliquely ; and let thcDi* 
ftancc BD be known by Menfuration *, when the Ob- 
fervation is made, ercdk a Style or S$aff AB, on the 
Spot B, and mcafure the Angle BA£l which is the 
Compliment of the Sun's Altitude at B, which fup- 
pofe is found S^ 45' ; but becaufe dl Rays proceeding 
from the Sun to the Earth, may be efteemed Parallel 
(they being of fo inunenfe a Length, and the Earth 
fo fmall a Point in Comparifon therewith) therefore 
the Angle ACD fhall be equal to the Angle CAE, by 
theorem III. But the Arch BD is the Meafure thereof, 
and is known, as being the Diftance of the two 
Places B and D, fuppofe 61 c| Miles; then (ay, as 
BCD=8^4j' : is to the Diftance or Arch BD 610.5 
Miles, : : f> is the whole Periphery 360® Degrees : 
ajoio Miles nearly. But Eratofibenefi made the Gr- 
cumference of the Earth ajoooo Furlongs, i. e. up* 

ward* 







'nrar; 
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I of 30000 Miles, above 5000 too many; which 
ippoie was owing to the Inexpediency of per- 
iling the Experiment with the two Cities oiCytm 
\jM%andTi0 b MgyfPj their Difference of I^ti- 

tdde being too inconfiderable, for fuch a Purpoie; 

For the Method it felf is very exaft and conclufive. 

VL J Sixth and laft Method Ijball menti(mfot fini^ 
iffgtbi BartVs Diamttetj Ctrcum/innci^ &c« fiail 
he that which our modern Mathematicians have 
ufidas the hefi and moft ferfe&^ and denmfirative 
if all others. 




In;tbe fi^regoing Figure; faypcft a Perfon^n the 
Earth^s Superacics at A beholds the North Star at 
Py in aicaown Elevation; apd that then he proceeds 
diredly North from the PcMnt A to B^ where, by 
moft cxqiiifitcInftrumcatS} he finds the North Pole 

Star 
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Star elevated from P to S, Juft one Degrejt; 
quently if the Diftance AB be exadly meafmcdt 
iviU give the Number rf Miles prccifdy, in oi 
Degree \ and thence the Circomfertttce ia moH troly 
knowD. 

By this Method our Countryman Norwood found j 
one Ltegrce tb contain 6j^} of bur JSwiSryll ; aiod the | 
two famous Fftf«ri& Matbefhattcian^s 4wk»r^firft, and 
C^i^j alterwards, with the beft Advantages bf In- i 
ftruments, Qimatc^ itiod Place, and by order oF their 
inoft Chriftian King, applied the fame Method^ and 
found the Mcafure of one Degree, the fame very 
jnearly, as our Norwood had done before ; he making 
the Diameter of the Earth 7^64 Miles, and they 
made it to be 7^S7^^ Miles. 

Thefc are the itioft famous Mathematical Methods 
of meafuiring the Earth, the four firft of which arc 
called Terreftial, the other two Ccleftial, an4 tbcy 
who would fee a great deal on this Subjea, As coin 
ceming its Antiquity, Progrcis, Defiaendes^ &c. 
may fee Varanius. lib. L Cbap^ IV, 

The Menfuration of the Zones of ih 
Earth. 

HAving; thus determined the Meafure of tlid 
whole Earth, I fliali proceed by Trigonome- 
try to take the Dimenfions of thofe remarkaUe 
^Portions of the Earths, called ifae l^ms^ t^ 
The Torrid Zone KXlfQ. (ki the foUowiiig FI- 

8 ire); the.two.Tempeiiate ZoQtt KGHI^ atkl 
PTR J and the tw% Frigid Z^^ncs QlHNf, and 
RTS.. him^^taiisi^a^ 

Cion 
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tioQ of rhp Rigbt^vflid TriangJe CVK, in wbicb 
thrrc b Given the SideCIC=^ Seoiidiameter of the 
£arth^ wx^ 35^^ Mifefl^ accordiog to Mr. Norwood^ 



, ,. ..■.«.,..»■. . . ' ^ 

mA ihe Anrie KCV?n^**Sor tlic greateft Dcclini- 
tion of tbe &ni fiom dbcBgoator EQ^, whore Com- 
pfioenc is 66»3o'. Hence bj CaftUl, of Riffo 
gMM^Jk^ the Sde YG^OCM, wtU be fbnod to be 
^6 €1 ,^ MDes, and tiie Side KV=^GI=CM win be 
ii»7iMiIat 

From hence are infimcd the Mo^oica of ctdh 

^LoBC as to the Diameter, aad Qrbani^reopb tbcrec^ 

j(tbwluch, iot the Sake <^other Purpdj^s, I have 

added the Square $Mr .So^ctadid) \abd die.lQibb or 

Solid B^esfin^s} atf ioBeirft. -v^' J' 



:Xay. 1^ c'v" •■■• '^(y 
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Of the Torrid Zone, 

Mlts. 

THEThickDcf8AM=aKV ^— ^ 3175.5 
The Circular Width KO, or LP, — 316 

The grcateft Diameter ECt -— 79^4 

The Icficr Diameter KL or OP, ■ — 7303 

The greateft Circumference ' - ajoao 

Square Miles on its Convex Surface — 79452685) 

Its whole Superficies ~ 163 235401 | 

The Cubic or Solid Content — 14^801827539 « 

Of each Temperate Zone. 

THE Thickncfs IM=VC-CM — 2064 
The Circular Width KG apSS 

Diameter of the Greater Bafc KL — 7303 

Diameter ol the Leflcr Bifc. HG . 317a 

The Area of the Greater Bafc • 41891356 

T he Arf a of the Leflcr Bafc — . ^ 75>iP3i5 

• The Grcumfcrcbce of tte Greater B^ " 111943 

• TheSqijarcMifci on it* Convex Stirfecc Ji63<$i80 

' The whole Sppcrficits ^»— i-l 1 01 4477 ja 

- Tlic Cubic or ISdfid S^SSJ^T^ 

Of each Frigid Zone. 

. » • • • . . ,1 

•; ^iiE^fe — — 336 

1 The Diameter GH ^^ > -»» ■■ 317J 

, The i^c Width GNH — — 3266 
^ The Circumference of the Bafa i-^ " 0076 

The Convex Superficies m^ ^ 82M037 

The whole Superficies ■ 16182952 

VvThe Solidity, or Cubic Content ~ 1326908051 

Alfo, 
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" Alib^l '"^ 

^"^ H E Diameter of the whole Earth being 75)64 

X. And its Circumlcrcncc 25020 

The whole Superficies thereof wiH be 199250205 
And its folid Content 264466789170 

Thefe are the Meafures of the Terraqueous Globe, 
and its feveral Parts, as found by the Rules of Tri- 
gonometry ; whereby we fnall next proceed to find 
the Height of the Circumambient Atmofphere. 

To meafure the Atmofphere. 

In order to do this, in the following F^igure, let 
A.DL rcprefent the Earth's Surface; and BM the 
Circumference of the higheft Region of the Atmof- 
phere, and Jet BH be the perpendicular Height 
thereof, whi^h is to be meafured. 




Nowfoirthi&,Purpofe let S be the Sun dcprefled 
l^** below the Jtpti^on, in which Cafe, the Morniftg 

A a :^ and 
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and EvcDing Twilight begins and ends ; and let SB 
be a Ray of Light touching the Earth at Dj and 
paffing to the upper Region of the Atmofphere, is 
there rcfleded by a Particle of Air at B, in the JunC 
AB, which al(b toucheth the Earth at A. 

Now ABE being fuppoicd the Horizontal Line on 
the Earth V Superficies, and the Sun being iS"* be- 
low the Horizon, 'tis plain the Angle SBE is edud 
to the Sun's Dcprcffion, or i8^^ and bccaufe An is 
alfo a Tangent, the Angle ACD is equal to the Angle 
SBE, the half of which is the Angle ACB, which 
therefore would be equal to 9% were it not that 
the Ray SB is bent bjr Refraction from BA towards 
BH about the Quantity of 30', or half a Degree ; 
and fo much muft the Angle AC3i be diminifhed, 
and fo its true Mcafure will be 8^*30'. 

Hence in the Right-Wangled TriafigU ACB, there is 
given the Angles; and the Side AG, being the Se- 
midiameter of the Earth; to find the Side GB: Thii 
by Cafe L of Right triangles y is found thus : 

A8jhcSinc_of_the An.|^gC=8i030'= 0.0047P67 

Is to the SemidiamcterT^ Ar» ^^o ^ 

of the Earth J ^^^ 3p82 = 3.6001013 

So is Radius .-i. ■ *— •po^=ioxxxx>ooo 

To the Side BC=4D25 = 3.6048080 

From which fubftraft GH= 3982^ 

There remains the Height of 7 _ . ^ n^^iifL xmu^ 
theAtmofphere— ^^ >^ 44 £^^/{^ Miles. 

In the fame Figure, and by the fame Triangle 
AGB, we may determine another very curious Pro- 
blem, viz. the Proportion of the Sun's l^ight and 
Heat when he is iq tne Spe&ator's Zenith, a^ when 

in 
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in his Horizon, or wh^ his Rays fall pcrpendical^ 
as BH, and when in an Horizontal Diredion as AB. 
For ti^feld^htji^ Ifca^ at H be to that at A 
in the Recipro c al Pro pordoo, of Agj;o BH. Birf 
the Line BH 18^4^ anJ'by the fame Means the Lin6 
AB is found 595. Hence AB : BH : : 595 : 44 : : 
Sun's Light and Heat at H : its Ught and Heat at 
A; that is near as 14 to i. Hence we fee the 
Reafon (fays Dr. Keil) whv without hurting our 
Eyes we can look upon the oun at Riling or Setting, 
but not when he is on the Meridian. And therc- 
fere iince it is fo much weakn^d in palfing through 
fo fmall a Space as our Atmofphere, it' this Atmcl- 
phere were fo large as to reach to the Moon, and 
Its Denlity the fame, neither the Sun, Moon, or 
jStars could then be feen* <« 

To meafure the Height of tlK Clouds. 

I. nTHE ctmmon Method fir this is to take the jh^gle 
^ the Cloud makes at two different ^laces^ and 
hy two fever al ^eVfins at one and the jame Mo^ 
ment of Time. vC. ^ . 

For fuppofc a Spe- 
ctator at A, with a good 
§uadrant, took the 
!eight of the Cloud 
C, and found it 4J^I5; 
and at the fame Mo- 
ment, another Perfon 
at the Diftance AB 
took the Height q£ 4. — ^- ^ ' ^ - ^ 
the fame Cloud, arid ^ ^"^^^ 
found it id? 30', and let the Diftance of their Places 
pf pb&rvatiop AB be one Mil?/ or 1760 Yards ; 
% /; then 
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then in the ObUqiu-anghd Tri^ngh ABC| there arc 
known all the Angles, and the Side AB, to find 
cither of the other SiJcs^ fuppoic AC ; this by Cafe L 
of Oblique 7fiangks^ will be found by the Sliding 
Rule about 1640; then in the Right^mgied Triafiglt 
AFC there is Given the Angle at Bafc A—^f ^S\ 
and the Hypothcnnfc AC^i 640 Yards nearly, to 
find the Cathetus C? j this by Cafe IIL of Rigk 
WriaiigieSy will be ibnnd by Sliding Rule to be about 
1450 Yards, or a Httlc above three Quarters of a 
Mile, and fo high was the Cloud. 



\' 



^% 



y^mther Way hy one Perfon^ 



IT* VUppofe (as I haw often obfervcd it my felf)that 

^ Cbe a dark denfe Thunder Ckud^ and begins on 

. a ftiddain (tpitb the thunder Stroke) to rain very 

hard\ an^ that a ^erfon at A obferves the fiream- 

, ing Rain to fall St thi kne/wi^ Difiance B j and at 
the fame time takes the Altitude of the Cloudy and 
finds it a 1*30', and let the Diftance AB be a Mile 
and three ^uart^rSy or 3080 Tards. 







Then in the Triangle ABC, Right-angled at B 
(for the Rain, in ftill Weather, falls nearly Pcrpcn- 
dicular; there is Given the Diftance AB, and the 
Angle at Bafc A j to find the Cathetus CB j which 
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by Cafi L of Kight TriangUsy will be found nearly 
1490 Yards, or about H of a Mile, which is the. 
Height of the Cloud. 

III. J third Method for Meafuring the Height (f 
.. OotidSy and that hj one JingJ.e ^erjfbn^ may be this .? 

; Sappofe, as it may fometimes happen, that the 
Shadow AB of the Qoud C were to touch the 
Feet of a Speftator at A, at its Extremity ; and at 
the fame Time the Pcrfon at A could obferve nicely 
the Width of the Shadow AB, or how far it ex- 
tended from A to B ; and that therewith he took the 
Altitude of the lower Part of the Cloud C 




:. Now in the Tnaogle ARC, obt off angled; it B^^ 
Aire il given the Angles A, B, C ^ for A b krioJ^Y^ 
by Qbfcrvatiojn, fuppofe 13*30'} ai^d Anglcj^BCJ 
\B the Compkrncnt of the Sun's Altitude to t%<f,^ 
let th^Q the Sur/s Altitude be 20^45' j f^ fliali.-ih^ 
Angtc ABC be ii9° i j'; and the Angle AGB^i^M'i 
ailb. Jtbcr Side AB the Width or Diameter of the. 
ShiKiow 18 Gives, fuj>pofe i\ Miles, pr iiooYard?. 
1 .1^&, by Cafil. of Oblique Trsamltis^ the Si<Je BC 
will be found about 6400 ; and then in the iUight^ 
•awW^/if BDC^ there arc known the Angles and the 

Side 
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SidcBC; whence, hy CafellLoi RigbiTriangtes^ 
riic Cathetns CD will be found about 2258 Yards, 
that is» the Height of the Cloud C b fomcwhat more 
than a Mile aod a Quarter- 

IV; jf fiurtb and tafi Method I Jhatt menthWy isHh 
to the /armcTy bat more exa0 and eajyy and is per- 
formed lihewi/e ty one ^er/on atone^ wieb is tbrn ; 




l.^.S 






Suppole a Perfon at A obferve the Diftance of the 
neareft Border B of the Shadow BD, to be 145 
Mile^ at the fame Time let him take the Altitude of 
the higheft Part of the Cloud at C» whidi fappofe 
aI^ And alfo the Altitude of the Sun, whidi let 
be 46*" 30'. Then in the Obtiauc Triangh ABC, there 
are Given all the Angles and tne Side AB, whence by 
Cafel. of ObliqueTriangles the Side BC will be found 
about 1.375; and then in the Rif^ Triangle CW^ 
the Angles and Side BC beinjg Given, there will be 
found by Ca/e IIL of Right Iriangles^ the perpendi- 
cular Height of the Qoud CDsi^a/, a tittle ^above 
H MUe. 

Thcfc 
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Thefc are the principal Methods of taking the 
Altitudes of Clouds, I could have fuggeftcd more ; 
but the three laft of thefe, each of which may be 
performed by a fingle Perfon, are new to me, hav- 
ing never fecn them publilhcd by any Writer, nor 
arc they mentioned even by Varenius himfelf, the 
tnoft exad, accute, and laborious Author that eyer 
Wrote of thefe Affairs. 

To Meafure the Ralnbo^Ws 

Il4 order to take the Dlmenlions of this moft 
wonderful Phssnomenon, the moft grand and 
beautiful Piece of Nature's Gallantry, I Ihall premifc 
a few Things relating to its Formation, from that 
great Father of modern Philofophy, Sir Ifaac New^ 

L Firft it muft be obfervcd, that the Bow is not 
really in the Cloud which rains, but in the Rain it 
felf, or falling Drops of Water, and therefore muft 
always be feen below its proper Cloud. 

II. The Bow muft appear diametrically oppofite 
to the Sun j for a Ray muft pafs Irom the Sun at 
$, through the Eye of the Spedlator at O, to the 
Center of the Rainbow P. See the following Figure. 

III. The Colours of Light confift promifcuoufly in 
the Sun's Rays, and arc to be exhibited diftind and 
lingly by Refleaion and Rcfradion ; and thofc Rays 
are reflefted and relraAed moft which are of the 
dcepeft blue Colour, apd thofe Icaft which are of the 
brighteftRed. 

B b IV. The 
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IV. The interior Bow, as AEFB, is formed in 
round Drops of Rain by two Rrfraftions of the 
Sun's Rays^ and one Reflcdion between them, as in 
the Drops £, F. 

v. The lower Part of this Bow coofifts of thofe 
Drops, in which the moft refi'angible Rays can alter 
one Reflcdion be rcfradcd to the Eye: the Angle 
of this Refradion is POE (=^ES^ 40 Degrees and 
a Minutes; hence all the Drops in tne Line OE Ihall 
ftrike the Eye with the moft refrangible Ray of the 
deeoeft Violet Colour in that Region which it dc- 
icrioes. 

VI. The higheft Part of this interior Bow eontain 
thofe Drops in which the leaft refrangiUe Rays can 
after one Kefledion be refradcd to the Eye; the 
grcatcft Angle of this Refradion is POP (=OFS) 
i=42 Degrees, 17 Minutes. Hence all the Drops in 
the Line OF fliall tinge the upper Part of the feow, 
which it defcribcs, with the dtcfcpcft red Gokmr. 

VII. The exterior Bow GGHD is made in Drops 
of Rain, by two Rcfradions, and alfo by two Rc- 
fledions, as in the Drops G, H. 

VIIL ThelowerPartof this Bow cofififts of thofe 
Drops, in which the leaft refraagiblc Rays can after 
two Refledions, be rcfrafted to the Eye: and the 
leaft Angle of tbra Refradion, is POG (=SGO) 

IX. The higheft Border of this Bow is made by 
Drops which rcfrad the moft refrangible Rays pof- 
fible after two Refledions : and the leaft AAgle 
thereof is POH (r SHO) =54^ 2%' ; hence the O)- 
lours of this Bow will be in an inverie Order, to thofe 
of the other Bow. X. Hence 
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X. Hcn<:c the Width of the internal Iris EF is 
a"* M'; and of the external Iris GH = ?''4o'; and 
the Diitancc between them FG=8° 25'. mt€y I have 
here allow'd for the Sun's appaient Diameter 30', 
and not confidered it as a Phyfical Point ? that fo the 
Calcalatipns may anfwer to the real Appearance of 
every ^art of the Bovf, 

Thtfe thbgs being prcmifed, in the Scheme above, 
let SOP be tttc Ray of Light which proceeds from 
the Sun to the Center of the Bow P, and.tjirough 
the Spcdator's Eye at O. Now as' the Sun muft be 
very low indeed^ tohavp a perfeft half Bow in View, 
fo it almoft always happens, that that Part of the 
Bow which we fee is lets then fi Semicircl(^ and con« 
fcquentiv that the Ccntci: of the Bows P is immerfed 
under the jSartb, y^ith the greateft Part of each 
Bow. \ 

Let qOcaQbd be th^ Earth's Surface, and 
SOqi=VO<;i. be the Apgle of the Sun*a Alti- 
tude at the Time when the Rainbow appears; and 
let the middle Diftancc (^between the two t^s a, 
b, of the interior Bow, be knovrn (as it many Tunes 
eafily may) • asfuppofc 4 at a Mile, or 1310 Yards; 
and fuppofe the Sun's Height. 1 6^; then will the 
Angle C)QP be 74^. Now in thb Riftbt^anghd Tri^ 
angh OOP there is Given tht Side OQ=i320 Yards, 
ajid all tl»e Apgles j to find the Sides OP and PQj 



Then 



^K^mm^m^^ 
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Then by Cafelf of Right ^riangUs', fay^ 

As Rifidius : . 5)0"' ssio. 

Is to the Side 00=1310=3.1005730 

SoUthcSincbfthcAnglcPOQ^id" :^ 5>.440338i 

■ '> 

To the Fart or Side — -»— PQ5"3<54 = a-i^Sopud 

So bthc Sine of the Angle C)QP=^4«» = 9.98l84l(J 

To the Bafc or Sidc^ .OPssia<J<?= 3*^^3i^SS 

Then fay, 
AsIVadiusis to the Bafc— 0P= ia6j>=s 3.10331J5 

To t^e Side-.^.^-. — -^ — PE= 1143 = 3.0^2^10 

^^'theA^Te!!!!— } POF=4a*i7'= 9.^587542 
To the Sid? or Jieight- — PF=ii53^= ^jo62c6^ 
^thc'SSi'^c??— } POG=i(y4i'=iPO%853 

U ■ ,1 « 1. Ill 

To the Height or Sidc~PG=5 1550 = 3.1903018 
^°theAng!r^^} I^9H-i4-ii'=io.i44i9J9 
'^pj^lf**^ — ^^^*} ^^- '7^°= 3.2475^x14 
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Then fay agara. 
As Radios is to the Ba& 0P= i a6p =s 5. 1053155 

SobAcSccantofihej. poG^jo-4a'=^5 985351 
To the Side ' m m / OG=a> aooj « 3.3016506 

In the next ftace, fay j 

As Radius, to the Side P a=PE:=: 1 143 « 3X)58a5io 
So is the Sine of i^>^ t^ ^ ' ^o ^ 

the Angle h ^Q^^^ ^=71^ a7'=j;^7^ 

To the Side ^ - v >-^^~ftQg» 1084 » S-o^Lfo^oi 

Ltl^fiiy, 

A?Radiustothe7 m- iw-i j- ^ 

Side f Pc^PQ:«ri5d^3.i5»5o9i 

So is the Sine of / tvx « ' ^^ ^>: " ^ ^ 
■ theAnglc >cgQ^Pcg=7»lf =; >s?Syy>j>P 

To the- Side -»__cQ_,jo7== 3.1780117 

Now to £nd the Circw^enees of the mldidU iota 
of each Bow, proceed thus; 

Multiply - i. .. vn — r»*-aKE4-fiP«Mipd.5 

By -— JL.. _i.,i_ ij — >- ^ 3^4i<5 

The Produft is ——_,_■ 72146844 

Again, 
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Again, 
Multiply— *^ ,. I ■ ■ . ,1 aPG-fGH= 3310 

^ "- ' - *■ ' — '■ I l i .I f f .ii. ■■■ I II.! 3 m^fS 



The Produa is — 10430.111 

From this general Calculation of the R.ain!x)w a- 
foK^oing, we fiad the McalkrDs o£ its i^ectal Parts, 
and their I^ihficcs from Ac .%3o^Uto|1s|E|re to ibe i«s 
follows: /' 

jjt. The leaft Semidiatn^^ P£^ lof Cbc kiterkr 
Bow, is 1 143 Yards, or about 0,64 of a Mile j whence 
the Diajneeeir i^ qr.^ Mile 

fid. The greater Semidiameter PF==i 153! Ytrds 
=0.6^ of a Mile, whence the greateft Diameter b ij 

^d. The Breadth thereof EF is lol: Yards, or 31 J 
Feet. 

^b. The Circumference of the Middle thereof is 
yoA/^ Yajfds, ^ 4*99 Miles^ 

d\tb. The leaft Semidiameter of the exterior Iris, 
si 550 Yard^ pr aSy of % .&ftb ^ WhoMe the 
leaft Dieter is 1*74 Mile* 

6/fc. The greateft Semidiameter thereof PH - 1770 
Yai;d«) or €.5 MUe, w^b^oc the gT^e^cft.1^ia4netx:r is 
about 3 Mile. - v ^ 

7/i&. 
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yth. The Breadth thereof GH is aao Yards, or 
660 Feet. " 

,8/*. The middle. Circumfcrcbcc thereof uto43^ 
Yards, br about 5 pa Mile^. 

eth. The Diftance between each Bow FG=396i 
Yards. 

lor*. The HelghCh of the interior Bdw above thfe 
Horizon is QP==77*9 Yards, or 045 Mile. 

iitb. The Hcighth of the exterior Bow QG=: 
li8($ Yards, or 0.66 Mile^ 

iitkTYiz Ccptcr of the Bows P is fubmerfcd by 
the Surface of the Earth the Length of PQ==364 
Yards* 

i^tb. The Center P is diftant from the Speftatoi^s 
Eye, by PO=ia69 Yards, or J gf a Mile. 

\±th. The Diftance of the interior Bow OE^±=Oa 
=1056 Yards, or \o Qt 2l Mile. 

iStb. The Diftance of the exterior Bow GG^^c 
=aoo3 Yards, or 1.13 Mile. 

i6tb. The Diftance of the Legs of the interior 
Bow on the Earth's Surface, is a b=ai68 Yards j or 
1.2 Mile, or a little more. 

ijtb. The Diftance of the Legs ot the exterior 
Bow cdr:30i4 Yards, or 1.7 Mile. 

And 
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And fuch arc the Dimcnfions of a Rainbow at 
the given Diftance and Altitude of the Sun afore- 
gobg ; which as it is fo great a Piece of Curiofity,r 
mnft needs be acceptable to every Ferfon of Ingenu- 
ity aiKl Tafte. 

To determine the farthefl Bounds of Sightly 
or the vljible Horizon. 

LET BHI re- ^ 
prcfent the 
Globe of the Earth ; 
CEDK, the Cir- 
cumference of the 
Cloudy Heavens. 
Alfo let AG be the 
Height of a Man 
of 6 Feet in' Stature: 
then 'tis evident (AC 
being' drawn a Tan- 
gent to the Suflace 
of the Earth in B) 
that the Point B is the farthefl: Bound of Vifion on 
the Earth's Superficies ; and C in the cloudy Ex- 

rfe; fuppofe the Height thereof CL, or EG, to 
i; jvliic. 

Now becaufe the Scniidiamctcr of the Earth BF, 
is foiwd to be 3982 Statute Miles, and in twcry fuch 
]Vlilc there is 1760 Yards; therefore 3982x1766=8 
7008320, the Yards in a Semidiameter of the Earth. 

Heoctf there being known, in the Right Triatigh 
ABF^ i;Hc5idc^BF=70o8320 Yards^ and' the Side 
AFn^oo83aa Yards j wc can cafily find the Angle 
AFB, bj«G2/JV, thusi 




^ 



i>^ 
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As the Side — AF=7oo83aa== 3.S456143 

Is to the Radius i— — lo/xxxxxxj 

So is the Side — BF=70o83ao=i^ 3.84561 40 

Ml ' -- 

TothcSincofthcAnglcBAF= 89^56' = 9*9999997 

Whence the Compicittcnt thereof BFA, or the 
Arch EG, will be 4 Minatcs ; which is thus con- 
verted into Miles} as 60'' : 6pt Mites : : 4' : 4.63 
Miles; a little above 4! Miles. 

Hence *tis evident, a Man of 6 Feet Stature, 
ftanding upon a Globe perfedtly round, and free 
from all Obftrudions of* the Sight, of the fame 
Bulk as our Earth, could not by his Sight (unafifted 
bjr the Atmoipherc) fee much above 4t Miles about 
him. 

Again, to find the Extent of the Sight in the Fir- 
mament of the highcft Clouds, vizs. AG, or rather 
the Arch CE ; we muft find the Angle BFC ; there- 
fore, in the Right Triangle CBF, there being known 
Che Side BF=3982 Miles ; and the Side CF=3983 
Miles, lay; 

As the Side CF= 3983 = 3.^001103 

Is to Radius lo.cocoooo 

So is the Side BF=: 3982 := 3.6001013 

Tothc Sine of the Angle BCF=388*'43'= 9.999S91Q 

Hence the Complement thereof BFC is 1*17', to 
which if we add the Angle BFA=4', wc fhall have 
the Angle AFC=i^ti'; whofe Meafurc on the j&uth, 
is the Arch LG^ and in the CloQd% C£. The 

Qsantitjf 
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Quantity of the ArchLG=8ri8 thus found; as 
60' : 6yi Miles : : 81' : 03.8a Miles. But as FG 
«=3p82 : FE=3p83 :: £.6=93.82 : CE=:93.84 
Miles, the Extent every Way of the vifible Horizon 
terminated by the Clouds. 

Whence it follows, that the grcateft Extent of the 
vifible cloudy Expanfion is the Arch CDr=2CE= 
187.68 Miles; and the Circumference of thefenliblc 
or vilible Horizon terminated in the Clouds, is very 
nearly three Times 187.68=563 Miles. Hovrever a 
Method for calculating it to the greateft Nicety is 
hereby made plain and evident, and ihall (with other 
Things of this Nature) be left to the Learner's 
JExercife. 

CHAP. IIL 

l^latn Trigonometry applied to j^ftronomy \ 
in the Menfuratlon of the Diftances^ 
Magnitudes^ Places y and other Affec^ 
ttons of the Heavenly Bodies ^ which 
compofe our Solar Syjtem^ 



j^Stronomy^ the darling Science of all the Sons of 
Art ; the moft noble and fplcndid Branch of 
the Encjclopasdia, or whole Compafs of Literature ; 
the very Zodiack df the Celeftial Sphere of Know- 
ledge I I fay tbi« excellent Art depend^ altogether 

Cc a oa 
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on Trigonometry, plain and fphcric^l j the commoq 
Aftronomical Problems, fo ncceifary to Sailors and 
Almanack-Makers, are performed by fpherical Tri-^ 
angles, of which I may treat enough of in that Fart 
of this Work ; but the Fundamentals of the Art, 
the grand Problems of the Planatary l)iftanccs, of 
the Penumbra and Shadow of the Earth and Moon, 
of Eclipfes, of the Anomalies of the Planatary Mo- 
tions, and the Explications of the Theories or botft 
Planets and Comets, all depend upon and refult froin 
the Calculations made, for the grcateft Part, by the 
Rules of Plain Trigonometry, as appears evident 
by what here follows concerning thofc Matters. 

But I think it neeeffary to give the young Tyro a 
View of the Solar Syftem, and an Account of its 
fevcral Conflituent Parts, before we proceed to mea- 
iiire them ; which therefore is as fbllowa. 

I. A Defcriptton of the Solar Syftem^ 

1. TN the Scheme of this Syftem of the World, 
\ the Sun occupies the middle Point or 
Center ; and has no other Motion, but round its 
own Axis once in about 25 Days; this Motion 
is difcoverablc by the ly^^^^I^ pr dark Spots 
on his Disk. 

II. Next to the Sun is the Orb of Menuty^ fn 
which this Planet moves about the Sun once in 87 
pays, and 23 Hours. 

III. The next Planet which devolves about tfec^on 
is V^nus^ that bright Planet which we call the Moiite 
ing and Evening Star ; ihe pejrforms one R^vdutioz^ 
in about ^^4 Daya attd 17 Ho^rfr 
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IV. The third Planet frcMn the Sun, is our Earth 

Mxxki itsfingle Satdlitc;^ the Earth performing one 

jft^evolution round the Sun in ^(i$ Days, 5 Houra, 

^nd about ^o IVJinutes; and the Moon round the 

lEarth once li^fij Days, 7 Hours, and 43 Minutes. 

V. Mats is the next Planet, which circulates about 
the Sun once in 686 Days^ 23 Hours, and 27 Minutes j 
and round his own Axis once in 24 Hours, and 40 
Minutes. 

VL The next fuperior Planet is yupiter^ with his 
4 Satellites: he revolves about the Sun once in 11 
^y ears, 317 Days, i a Hours, and 5K) Minutes ; and 
about its own Axis, once in 9 Hoars, and 56 Mi- 
nutes. Tbw Periodical Revolutipns ot his Satellites 
pr Moons abwt his Body arc as fpllowi ; of the i% 
in I Day, 18 Hours, 27 Minutes. Of the ad, in 

3 Days, 13 Honts, 13 Minutes* Of the 3d, in 7 
Days, 3 Hours, 41 Minutes Of the 4th, in 16 Days, 
16 Hours, 32 Mifuites. 

VIL The higheft, and vaftly the fartheft Dillant, 
of all the Planets, h Satutn^ who wanders in perpe- 
tual Solitude through the Defert Extremities of tl^e 
Mundane Space, attended by his 5 Satellites or 
Moons, and feiiihes his flow Revolution about the 
Sun, once in xp Years, 174 Days, 6 Hours, and 
36 Minutes J and about his own Body revolve his jf 
Moons the fotlotwog Periods of Time j The firft in 
I Day, 21 Hours^ *& Minutes; The fcooad iq 
a Days, 17 Hoiais, 41 MiQMUca; The third in 

4 Days, 12 HoCrrs, 25 Minuws; The fourth in 
li5 Days, 22. Hours^ 41 Minmcs^ Tb^ fifth i^ 
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VIIL Beyond the vail Diftricks of th^ Planatarv 
Syftcm, arc placed at an amazingly immcnfe Dil- 
tance, the fiyed Stars ; and by that Means are they 
without the Reach of the largcft and moft accurate 
Mathematical Inftrumcnts, and the Cogniziance of 
the moft fegaciopa and penetrating Aftionomers and 
Philofopbers. 

11. To meafure the Dijlance of the Moon 
from the Earth. 

HAving thus Given a Curfory View of the moft ' 
antient as well as modem and true Syftem of 
the lower World, I now proceed to the Dimenfions 
of the fcveral Parts thereof- and firft of the Diftance 
of the Moon from our Earth, as follows. 

In the Figure ad* 
joined let BEDF i«- 
prefent the Earth, 
and M the Moon in 
its Orb, feen in the 
Horizon: then the 
Angle EMC will be 
the apparent Semidi* 
ameter of the Earth 
EC icen at the Mooo 
M; which Angle is 
called the Parallax \ and when the Moon is leen in 
the Horizon, 'tis the Horizontal Parallax of the 
Moon, and is nothing but the Difference of her true 
and apparent Diftance from the .Zenith. This An- 
gle is greateft when the Moon is in her Perigoeum, 
and her Orb moft cxccQtric} being then s^ccording 
to Mr. Wlifton't Tables, i^ a' lo". And this I Ihall 
cbulc for Calculation j becaufe io fuch a Cafe tho 
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Moon 18 the Icaft Diftant from the Earth it can 
poflibly be. 

Therefore in the Right-angled Triangle CFM, 
there is given all the Angles, and the Side EC, be- 
ing the Scmidiamcter of the Earth, or 35)82 Miles, 
to find the Side CM ^ by Cafe I, of Right Triangles^ 
fay thus j 

As the Sine of the ^ 

Moon's Horizontal (^M=3:i® 2' io"= 8.25741 85^ 



Parallax. 

\ to one Si 

of the E 

So is the Co-Sbe of the ") ^ qq^ . ,,_ ^ ^^^ 

Parallax rC=88'^i7 JO = P-pppp^po 



Is to one Semidiameter Ij^n • ' r^ ....^^^^ 

of the Earth > EC =. i := cocooooo 



To the Side (In Semidi- Ij^j^ _ ^^ ^^ - , .... . ^ 
ameters of the Earth) J^EM =;= 55.17 = 174^5101 

So likewifc is Radius—— — po** =io.OGCcooo 

To the Side (in Semidi- lr\K — n-.r^ ^ o 
ameters of the Earth) J^=.^^-^9=- 1.74^581, 



Hence then c5.27x3p82==:a2oo85.i£/?^///i& Miles,' 
the Difiance of the Moon from the Spei^ator. 

Alfo 55«ipx3P*^=^^0344>78 Miles, the Diftancc 
of the Moon from. the Center of the Earth. 

*Tis fcldom the Moon come fbycry hear the Earth| 
her Diftance is varioufly determined by various Aa- 
thors from 52 to 64 Semidiameters of the Earth, iur^ 
qliiding the leaft and greateft Diftance. 
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III. To meafure the Height oj the Earths 
Shadow. 



IN the adjoined Figure let GT be 
the Earth's Semidiameter, TM 
the Height of the Eatt&'s cbsical 
ShadoWy and the Angle TMQ be- 
ing half the Angle of the Cone, is 
eaual to the. apparent Semidianieeer 
of the Sun,'-^' which in its mean Di- 
jflance,is about r6:Minut69; Cherefbrcf- 
in the Right-angUd ^iMgfc GTM, 
there are given all the Angles and 
the Side GT, to find the GatHetua 
TM, whieh is the Height of the 
Shadow ; Wherefore b/ iafe I, of 
Right Triranglesy fey ; 



As the Tangent of — TMG== i6' = 7.6«784$(a 
Istoone Scmidiamcttr GT= i =0.0000000 

So is Radius '— — -= — ^ ■' ■ ! . > .■ ■ . » — r-io.ooooooo 




To the Height? ^ '^^ Tte=i4r8^^' 2-554lf^ 

Therefore TM is ^114.8 Scoiidianicters of the 
Sarth, which multiplied by 3p8a, ..gives 8x^^33.6 
Ehglip Miles for the Height of thftj^th's ShadpW. 
But whdti the Sun is at the greatc^'Pijiiuicc, the iSn-^ 
gle TMC is but about 15' 50", and thfeli flTe MfctgHt' 
of the Shadow will become %iy Semidiameters of 
the Earth. 
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VI. To Meafure the Diameter of the Moon, 
and Height of her Shadow. 

TN the Scheme ad- 
joined, let C be the 
Center of the Earth, 
and E the Center of 
the Moon ; then is EGP 
== the apparent Semi- 
diameter of the Mooo 
ieen from the Esinfa, 
which is (for the befbre<r 
inebcroned Hoitzontal 
ParaUax)i6'5i'*. The 
I<ine CE is (he Diftance 
of (he MooQ frofBT/thff 
Earth- as before^ found, 
55.ap Semidiameters ; la the Right Triangle FEC 
there is given then.the Aqglcs, and the Side GE ; to 
find the i^ide F£ or Semidiatneter of the Moon, fav 
thus; ' 

As the Co-Sine oftheT' trirr' «>^, '««"—« ««/^««.- 
apparentSeraidiaiii. fMFO=4$ 4^ o% =9-9999947 
To the .Mdoa>Dif-^ 

flahce &(M<'<cthcS CEsiJ.ap =; 1.7445101 

Earth— ' 14 . , '" -^ 
Sow the Sine' W the t r^f^ ,<'r„» », A,.^ji^» 
apparent Seiniai»mer.r ^^^^^ 16 ja. = 7.65)06617 
To the Mobnrs/iStfroiilia-.) 

meter, b Seftti4iamccw».-.FEs=e.a7ii=s.jp^j33i78i 

of the Earth ' . ' ) 

Now %<$%ixp.j\i^\O70,s^EngtiJb Miles, for the 
Moon's Sfmidiameter, wheretorc the Mojn's Dxa^ 
meter is 2159.04 Miles. 
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Time Of^olaf"^^ within 58 Scmidiamctcw 

irtn dillant from the Earth's Supcrfidca. 



And becaufc Cones are fimilar Bodies, their 
jHcights will be in Proportion to .the Bafes; But wc 
have thc^ Bafe and Height of thft Earth's Cone of 
Shadow, and the Bafe of the Moon's, wherefore to 
find its Hefght, fty; 

As the Scmidiamete*; of the Earth-- — 1= O.ooooocx) 
Is to the [Height oF its Shadow 114.8= 2,3321588 
So is the Sepridiij|H^icr ot the Moon ,271 1 = .9 433 1781 

To the Height of fits Shadow —58.^5= i^J^Sii^^ 
Thcreforfc 58.12^ Semidiametcrs of the Earth/ or 

^3^951-5 Mlle4, IB the Hp^tofthe Moon's Shadow. 
From hfiooc 'tU^yidcnt the Moon muft be, at the 

lb: ^ 

of the Eartl 

V. To Meafare the Diameter of the Earth^s 

.- . Shadow at the Difiance of the Moon. 

IN the adjoined Figure, let T 
be the Center of the Earth; 
CMT half the Angle of the Cone, 
16'; FLH the Seaion of the 
Shadow at the Diftance of the 
Moon TG, whofc Diameter FH 
is fought; In,ordi5r to find which, 
we have ffvcxiyhx^tRigbt^angkd 
Triangle GMF„ the SidcGM = 
(TM— TG, or 214.8 -5529=) 
15P.51 Semidiameters of the 
^rth, and all the Angles J there- 
fore fay J - 

As 
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As Radius—— 90^=io.ocx)ooc6. 

Is to the Side • GM=i5p.ii=^ 2.2027610 

So is the Tangcot of GMF «= i6'= 7.6678492 

To the Side FG=,7423.-=3 .^.8706102 

Whence 2 FG=FH=i .48^6. But 14846x3982 
=5911.677 Miles i and fo wide is the Earths Sha- 
dow at the Moon, when ihc is neareft the Earth; 
That is, above twice the Moon's Diameter; in which; 
Cafe Lunar Eclipfes, arc of,1?he -grcateft Duratioii 
poiEble. . ' 

Vf. To Jind the ^p^^^J[f^^.^^ 

of the Earth's Shadckjo $1$ the }^Qon» ': 

A' 

THIS is no more than to find the Angle GTF 
m the laft Figure, for under that Angle doth 
the Semidiameter ot the 5iarth*s Shadow FG appear 
at the Diftance of the Moon ; in order to which, 
there is given in tht Riiht^afj^hdTriaf/gk GTF ^ the 
two Sides GF=.74i3v and (iT=55,2p to find the 
Angle at T, therctorc fay thus i 

As the Side-^ — . -^— vu — :GT= jri.i9= 1742581 1 

Is to Radius • 90*^=10,0000000 

So is the Side FG=s .7423:= .9.8706102 

To the Sine ofthfc' Adglp GTF=46'io''= B^i 28029I 

And fuch is the apparent Semidiametfet-bf the 
Earth'3 Shadow jp tlii Cafe^ , ^ 

Dd a yiL 7a 



aia 



Tlain Trigommetry^ 



VII. To pieafure the total Shadow of the 
Moon at the Earthy in the Time of a 
Solar EcUpfe, 



FIRST for the Mcaforc of the 
Mood's total, or dark Shadow 
«e the Earth m the Hme of to Eclipfc 
of the Son ; In this Figure let S be 
the Son, L the Moon, and T the 
Earth; Now in order to find the 
Wi(jith A6-of the Moon's Shadow 
on the Earth, we have Given, in 
Obliqm triangles TMB, the Side 
TB^i Semidiameter of the Earth, 
and TMk3 Semidiametets (for IM 
=58.a5, and LT=5«i.29 as found, 
but TM=bLM~I*T=-3, very near- 
ly). Alfo theAngle TmB=i6', the 
Sun's Seoiidiainetdr ; to find the 
Angle TBM. ThkisdotiebyC^II, 
of OkUjttt Trian^hsy thus. 



As the Side 

IstotheSmeof- 
So is the Side — 



— TB»i=aooooooo 

•'mB=:i(J'=7.667844i 

— TMbsJ SSO477ISI3 



TothcSineof the Angle TBMtir4]py'=8.i54j»(557 

But 
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But the Angle CTB^TMB+TBM=6i' 7", (by 
Theorem V.) and fuch is the Arch CB, the Double 
of which IS AB-r2° 10' 14", or 150- Miles. JSote^ 
this Calculation anfwers to a Central Eclipfe, at a 
middle Diftance of the Sun; but were the ^un at 
the Grcatcft from the Moon, her Shadow would be 
\%^lgfm\\iiz. near 60 Diameters of the Earth, and 
then the Breadth of the Shadow AB on the Earth's 
Surface would be about 186 Miles, 

VIII. To find the apparent Semidiame^ 
ter of the Moons Shadow at the 
Earth 



IN the adjoining Figure, the Angle 
AMT=i6' the Sun's apparent Se- 
midiamctcr, the Angle DAjL=i6'52", 
the apparent Scmidiameter DL of the 
Moon Icen from the Earth T. But this 
Angle DAL^AMT+ALTj conlc- 
quently DAL- A MT=ALT the An- 
gle under which the Scmidiameter of the 
Moon's Shadow at the Earth is fcen at 
the Moon, which therefore i^ equal to 
52": and thus the whole Diameter AE 
of the Shadow^ is I' 44". l^ote^ the Se- 
midiameters ot the Sim and Moon, ior 
any Diftancfc in their Orbs, arc found 
ready calculated io the* Agronomical 
Tables. 
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IX. To mealure the Penumbra or partial 
shadow of the Moon. 

TH E Nature and Produ- 
aion of the ^enumbra^ 
or that large diverging par- 
tial Shadow, in form dt'ij 
Cone, involving the Moon and 
its dark Shadow, the Reader 
will find fully treated in Books 
of Aftronomy ; I ^ihall here 
only prefent him with the Fi- 
garc and Dimenlion of it as 
follow. 

Let S be the Sun, C the Moon, 
. and T the Earth ; Then is 
the Figure PIO the Pcnumhra, 
or fainter Shadow of the Moon, 
the Part of which HID above 
the Moon, is of equal Height, 
and therefore of equal Magni- 
tude, with the Moon's dark 
Shadow ; all this demonftrated 
by Aftronomers. 

Hence then TI (bcmg equal 
to the Pittance of the Moon 
- TC~55.ap , and the Length 
of her Shadosy (or upper Part 
of the Penumbra) Cl=ri8-ai) 
is equal to 113*54 Semidiamc- 
Cers of the Earth ; and the Se-» 
miangle of the penumbr^ Cone 
TlF=i6', or the Sun's Semi- 
diameter. Alfo the Side TF 
^ =1 Semidiametcr of the Earth, 
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Hence in the Oblique Triangle TIF, there is Given 
two Sides TI and TE, and an Angle oppofitc to one 
of them TIF J to find the Angle IFT, or its Com- 
plement IFN y by Cafe II, of Oblique Triangles ^ fay 
tl^Qs; 

As the Side. — TF— 1=0.0090000 

Is to the Sine of TlFi=i6"c=7.6678445 

So IS the Side Tl=i 13.54=^.0551485 

To the Sine of IFN=3i0 54 =^.7229933 

Now the Angle IFN=TIF4ITF: hence IFN 
— TlF=:ITFrr3i*^38S which doubled is 63^16',^ 
and is the Meafure ot the Arch EF, or io much of 
the Earth as is obfcured by the penumbral Shadow 
of the Moon, in an Eclipfe 5 that is about 431/7 
Miles ; and when the Earth is neareft the Sun, ^i 
the Moon faithcft from the Earth, this Penumbra will 
extend about 4^ Miles, on the Earth's Superficies. 

Note J After the fame Manner as the Scmidiamctcr 
of the Moon's^ dark Shadow at the Earth feen from 
the Moon, was proved equal to the Difference pf 
the SemidiametcW of the Sun and Moon fcen from 
the Earth, fd the Scmidiamcter of the Penumbra at 
theDijftance of- the Earth is proved equal" to the 
Sum of the fil(i"Semidiamcte'rs bf the Sun and Moon, 
W^. 32.' i^''> -whence the wholp 'Diameter of the 
Penumbra at the Earth fccn from the Moon will be 
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X. To determine the Limits of an 
Eclipfe of the Moon. 

E T OS rcprcfcnt a Portion a Lbc in the Plane 
of the Ecliptic Parallel to the Earth's Qrtntj 



©M a Portion of the Nf oion's OVbj^M the Center of 
the Moon V ^ the Center of the &aith'd Shadow at 
the Diitance of the NToon^ Q thcNode^ arod AdS 
the Latitude of the Moon* when the Shadow of the 
Earth doth juft touch j(he Ci^k of the Mopn i. which 
Latitude 18 equal to the Sum of the Semidiameters 
of the Moon and Shadow, MI anct JS i alio the 
Angle M^S is the Inclination of die MoonVOrb to 
thcTPlane of the Eicttjitfc, Now whcn.frhiat Angle ia 
biggefi^y and the^midia|er»ef the^cK>naa^ 
dow are leaft of ally then is the l^oinC S the nearcft 
poflible to the Node fi when an EcUpic can happen. 
Therefore the IHftancc Sa is the LUnit of Lunar 
Eclipfea b fuch a Cale. But when the faid Angle 
is leaft, and the Semidiameters greateft, th^n is S A 
the greateft Limit^ beyond which no Elcliple can 
happen* 

Now in- Order to find the leaft Limit, the Ar ^l^ 
'8(2M muft be made f i8', and the^om of the ^e« 

imdiameter» 
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inidiamcters, when Icaft of all^ is about 53 '==SM ; 
there being givcfa in the Right-ankled Triangle 
aSM, the Side SM,^nd the Angle S, to find the 
Side SQ; fay thus, by Caft 11. of Rigbt-angkd 
Sriangks • 

As the Sine of ^ — SftM = 5618' = 8^96^533? 
To the Side — — ..^— SM =: « = 1.7^42759 
So is the Sine of the An. SMa=:84«42' = 5).998i393 

To the Side (in Min.) Sa= 571.4 = 2.7568815 

Hence the Leaft Limit of a Lunar Eclipfe is about 
p* 31' a4"^ within which there muft be an Eclipfe. 

To find the Greateft Limit, thfe Angle & m\x& be 
taken 5*, and the Greateft Sum ot.tbe.Senfidiame* 
ters, or Line SM^ is about 6^.1 Minutes, There- 
fore lay again ; '^ 

As the Sine of the Angle SftM=5®co'= 8.9401950 

Is to the Side SM = 03.2 = 1.800717c 

So is the Sine of the Ang.SM a =85^00'= 9. 9983 442 

To the Side (in Min.) Sq~ 722.4 = 2.8587653 

Therefore the Grcateft Limits are 12° 2' 24" on 
each Side the Node, beyond which there can be 
nO EcHpfe. , 
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XL To calculate the Angles of hcideme 
and Exit J of Total Immcrfion a^d E- 
merjiony the Motion of Half Duratfonj 
both of the total Eelipfe and of ahfo- 
late Darkne/s 5 and how to turn the 
Whole into Timef in a Lunar Eelipfe. 

TH £ followtag Figure is a RcpreJcntatioQ of 
a total Ecliplc of the Moon; in which F3 is 
a. Pbttioti of a Line or Path of the Earth's Shadow 
at the Moon parallel to the Ecliptic; MA the Way 
of the Mooa*$ horary Motioo Jrom the Suit, at ths 




Time ef the true Oppofition ; S the Cetotdf of tlic 
Earth's Shadow at the Moon; I the Center of the 
Moon the Moment flic enters the Earth's Shadow j 
t" the Moon totally imraerfed in the Shadow ; SL 
the Lcaft Diftancc of the Centers of the Earth's Sha- 
dow and Moon; NS the Moon's Latitude Irom 
the Ecliptic; O the Moon when flic begins to c- 
mei^e out of the Shadow ; and £ the Mooa ia her 
Exit out of the Shadow entiiely. 

Br 
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By Computations of another Kind^ md in the 
* AftronomicaJ Tables, there arc given, in any E- 
l dipfe, the Scmidiamcters of the Shadow and the 
Miooqj the Angle MaP, or the Angu?gr Motion 
' of the Moon from the Sun ; S N the Moon's Lati- 
( tudc i and SL the Leaft Diftance of thjB Ccutcrs; 
. whence the Reft may be fpund by the JoUowingj 

I. Ffif th$ Angks of btcidince 0nd Es^ity I S L^ 

As the Sum of the Seraidiaracfefs ^ S I, 

Is tp the Rjidigsj 

Spfm the Lea^^Eftftance of the Centers ■ . 1 l .. * S^*, 
T6 the Co4ine of f he Angle of incidence LIS. 
BnKthe^gle of Inpidcqcp ISJ- = ES^, the Angle 
of fiSlt, 

II. Fwtbi Angk rf total hntnerfim and Fmtfio^ VSJa. 

As the Difference of the Sproidiaijictcrs --' — *^S F, 
Is to the Radius ;^ 

So is the Leaft Diftance dl the Centers SL, 

To the Co-fine of the Angle of Immerfion SFL, 
Whence FSL=OSL arc both known. 

JIL f(ff tU Mstion of Half Duratm Ih of th 
^Iffji. 

Ad the Radius, 

Js to the Sine of the Angle of Incidence IS L ; 

So is the Sum of the Semidiameters S L, 

To thp Motion of Half Duration qf the Eclipfc I L, 

Pea ^ IV. Fey 
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IV. for BaffCot(Umanceofah/fhN ' 

A» Radius tg fhc jSapq ,of .t^:.V^l&^^^^ p„ . 

■ Immcf fity .- ; ' n ..";", i <! l "" ■ "> Jr. ' 
So i» thf .j|)iflfci«Dce'Df.tJic"Scwi<Jisra^ •r— SIS, 
Td the •MQtiott;<)f;H#UTT^qtinq^cc of V pV 

total Pvkofito, , '■' . , ■ • ' ,.• ■ ;."■ ■ ' > f *. 7* 

Thus the Motions arc foiifd'^tlitf Times m which 
they arc peffornjed (the Horary, Motion of the 
Moon being alwJiys'givcH'wthc Tables) arc found 
by the Golden Rule thus ; . , , , . 

Aa the Horary Motion of <hc Moonfibm the; Stml 
m an Hour . r^ — ~. . ' \ ; * ■ ■ , ■ . j 
I3 to the Time pF cn^ H<>af ,' or 6o- Afiptrtes'':"'' 
So is tlhe Mbtioii of Half Duration 6f the l^fmre, 
To the Time in Hours or Minutes of that -l^fimUia. 
AqdrrSa is thp ^Motion of Half dpn^intfanqp qF 1 

• abfolUtcJ^a^kheife^*^ ^ "^ -^-^ » ■> V--A_i-:^ |-. 
To the Hours or Minutes x)f that Half D^knciisL 

- Thus is the Bc^iiig; ^fldftc^ atj^ "^ 
Lup^r Eclipfe to beXpuQd.jin Motfc^^a]^ 'f^^ 

. \\ ;,fCvr'y-,,u ^..,,; If . . ...» - 
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N this Figure, Let RQI 45Cprefcnt the Disk of 
th? -Earth J aE aPordoft jbt the iplclipticj ftp 
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^'F^n of the. Moon's Way from the Sup; Eft P. the 
A^k of the ]MQon*8 Way fix)m.thc Sun^jybicb 
when leaft, is .$** 30', and whca gflr^tcft, is abput 
^^46'. P the Peqqmbra,. ui the Middle. of which ia 
a frnall Circle* iscprefenting the dark Shadow of , the 
Moon; Uftlyi^iJSB is the; xKareft Diftance of thd 
ybl;: and Pcaumbra (being the Sum of the Semidir; 
ameters of each El and IP,) which, when kaft, J4 
about 85.5 Minutes, and when greateft, about 94.25 
Minutes. H^u^e to find the Icaft Limits of a Solar 
Eclipfe, fay j' . • . ' . * 

\ . ' •. \- ■ ■.■■•-\V.'» ' . "j ..•'■ \ . .^ ? *. ■' ' \ 

As the S^e^o^^hc Angio 'EL9?:^\s^4&=^.qqnQ6^y 
Is to the Side,(when leaft) EP =^85. 5 =1.9319661 
So is theSfe'd bf the Ahg. EP ^ ^=84- 14 =9 ^97^9^6 

To the Side Cin^iytinufcs) ]gh=84^ ^2!92y6'§4o 

-Hence ithei leift- Limit of 'af Solkr liclipfe ^ ^ 
ahoiit 14^° *6' ^36''V V^tRin wbich^' there muft be in^ 
Eclipfe. 

For the greateft Limits, fay ; 

As the Sine of the Angle EftP^ 3^30' nn 8.9815729 
Js to the Side( when greateft)EPte04. 22 -=-. i .974 1 43 1 
So is the Sine of the Ang. EP£2=b4. 30 =^9^9979960 

To the Side (in Minutes) Ea =978.5 =2.9905662 

Hencc'the great Limits Efli = 16** 18' 30", be- 
yond which there can be no Eclipfe of the Sun. 

Note^ The Limits are not here (as in the Lunar 
EclipfcaX 4cti^xx^4 'frpm.:Hfc,r«^LPlac€; of the 
$?o&^ Jut :^«m ;m T<a^^ ?ti« ffcliptic, wherc; 

-. >: ^ * ■ """ ** ' ' ' -the 
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the Mood's Way firom the San interieSbi it, which 
js foqMwhat diftaat fsom the Node ; lb that with 
Reeard to the Nodes, the greateft Limits of Solar 
!)£cupfe8 will he about i8% tind the leaft about i^', 
on each ^de. Some Aftrooomers compntbg the 
Limits from the one Fdat, and fbme ftom the otber, 
is the R^on I have calpqlatied theip ^mm both 
Phices. 

XIII. To calculate the j4ngles of JncU 
dence, Jmmerjiony the Motion of Half 
Duratioft pf the ff^ole and Central 
EcUpfe, and of the P^numbr^ 'mthin 
the J^fskf in a Solar ^cliffe, 

IN this Figure, ft M is a Part of the MoonM 
Way, eP a Part of (he Elliptic pioje^d tm 
: flarth'a Disli^ RO P } { the Cpoter gf die pen-r 




umbra toochiog th$ TSuk j C the Gcotj^ it &lf ts^ 
tering the Disk j M the Peaqmbra tol^ly immoledj 

NE 



!]"•'""•-** "' ''' •'•• " • '■ -■^'*--->-^-^-^'' 
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NE the nearcft Diftancc of the Centers of the 
Earthed Disk and Penumbra) LE the Latitude of 
the Moon ; and P M the Angle of the Moon's 
Way from the Sun ; which being given, as arc alfo 
the leaft Diftancc, and Sum of the Semidiameters of 
the Penumbra ^ttd Disk, from the TAies^ there 
may be fouxid by trigonometry^ 

1. ne Angle ^ Incidence I E N* 

As the Sum of the Semidiameters of the 7 » ^ 
Penumbra and Disk — ^ ■ - . % ^^ 

Is to the Radius j So is the leaft Diftance of I ^ „ 
their Centers — — •— ^ f JNis- 

To the Co-fine of -the Angle of Iticidefacd 7 vf t is- 
(orExit) ; |NIE. 

IL 9T&* hmerfionofthe Center C. 

As the Semidiameter of the Earth's Disk . C E 

is to Radius; So is the leaft Diftance of theCcnters EN 
To the Co-iinc of the Angle of Immerfion 7 vt r- 1? 
of the Center j^iNCK, 

lil. ^e Angle of Total Immerfion^ MEN. 

As the Difference of the Semidiameters E M 

Is toRadius; So is the leaft Diftance of the Centers NE 
To the Co-fine of the Angle of Total Im- / p vi>< 
merfion of the Penumbra — J ' 

IV. T2?« Motion of Half Duration of tie whole EcHpfe^ 
As Radius to the Sine of the Angle of In- / t tt xt 

cidcnce f ^^^^ 

So is the Sum of the Semidiameters • E I, 

To the Motion of Hall Duration of the whole j t kt 

Eclipfc . ' C^^' 

V. As 
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V- Js tbi RacRus to the Sm cf tie. Ap^ oj ti^ Im 
mtrfion of tht Ccnttr C E N.: 



5a' 18 the Scraidiamcrtr^f thc;Dr8kJ^^ C E 

V the Motion ' " ' -- - 

ml Edipft 



pa 18 tnc ocniiaiaiiicucr %ji tuc a^idk — — 

To the^otion of flitf Du^itictoof tte(>^ 



VL ^c Motion of Half Duration of fbe ^enamhrd 
within tbi DifcUs of the Eartbi 

•Asr Radius is to the Sine of the Angle of 7 ^t it vr 

total Immcriion ^ .^i^. |M E N 

So 18 the Difference of Semidiametcw , j. — ^ — * M £ 

To the Motion of Hall Continuance of; thc7 *^^ 

Penumbra within the Earth^ Disk —J ^ ^• 

The Times of thcfe Motions, and conicqucntly 
the Beginning^ Middle, and End of the Whole and 
Central Eclioie, art detcrmmfcd as dircdcd in ^rop. 
XI. of the Lunar Exlipfe^ 

XIV. To determine the Diflance of the 
Earth from the Sun. 

THIS depetids attO|etfaer on the San^s Hori- 
zontal Faralbuc, wmch isfb very fmall as to 
render this Matter extremely uncertain; and tho* 
various Methods have been attempted to afcertam 
the Quantity of the faid Parallax, yet none have 
proved infallible, the greateft Men, a» weQ aimong 
the Modems as the Antients, vary in their moft 
nice and cxaft Obfervations and Accounts of tte 
fame. At jprefent tl^ moft learned Astbora, as 
. Sir Ifaac Nc&ton^ Dr. Htf %, M. FUmftead, Dr. Gre^ 

goffr 
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gory^ Mr. Whijton^ ^c. do agree, that it is about 
lo Seconds; and therefore according to that Pa- 
rallax, the Sun's Diftance is determined as follows. 

Suppofe in the annexed 
Figure, S rcprefent the 
Center of the Sun ; E the 
Center of the Earth in its 
Orbit ; and an Obfervation 
ct the Sun's Place in the 
Horiz.on be made at P, and 
the Diftcrence of his true 
Place and that be lO", this 
ihall be the Angle PSE; 
the Side E P alio is known, 
as being the Semidiamcter 
of the Earth; and the An- 
gle at P is a Ri^t one ; 
therefore in the Right-an- 
gled Triangle PSE, there 

are given all the Angles and the Side E P, to find 
the Side ES, the Diftancc of the Centers of the 
Sun and Ear^ by this Analogy ; 




As the Sine of the Sun's 

Parallax 
Is to the Sidp 
So is Radius 



|}PSE = 10 ' = 5.5853526 

P E = I = 0.0000000 
• ^^o"" =io.ocooooo 



To the Dift.otthcSun 
and Earth 



]>ES=;=2o527=;= 4.314^374 
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Then multiply this Dift. in Semidiamctcrs = 20627 
Bj the Miles in one Scmidiameter 3982 

The Prod, is the Sun's Dili, in Miles, viz. 82 1360 14 
Mr. fVhifton makes this Diftancc — Sioociooo 

And fomc make it more, and others left ; but in 
meaiuringthe Diftances of the other Planets, the a- 
forefaid Diftance of the Earth and Sun is divided 
into 1 00000 Parts, and the Diftances oi the Planets 
from the Earth and Sun are computed in thofe Parts. 

XV. To nieafure the Diftances of the 
Primary Planets jrom the Sun^ in 
proportional Parts of the Earth's D/- 

flance divided into 100 000* 

INthcScheme 
adjoined, you 
obferve S is the 
Center of the 
Sun and Plane- 
tary Syftcm; 8 
the Planet Mtr- 
cury^ and f the 
Planet Vcnm ^ 
both in their 
^ateft Elonga- 
tions from the 
Sun: T the 
Earth ; 6 Mars^ 
^Juphir^ and 
1} Satunu in 
their ieveral 
Orbs; 
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Orbs ; and which viewed from the Earth appear all 
in the Firmament at D, but if viewed from the Sun, 
Mars will appear in A, jfupiter in B, and Saturn in 
C J wherefore the Arch A D is the Meafure of the 
Parallax T * S of Mars^ and is about 41% when 

§reateft of all. The Arch B D is the Meafure of 
^«p/>^f's Parallax T U S, and is about 11 Degrees, 
when greateft The Arch CD is the Meafure of 
Saturn s Parallax T h S, which is about 6 Degrees, 
when greateft. 

And S T ^ is the greateft Elongation of Vetjus 
from the Sun, which is about 46^ 41'. And S T S 
is the greateft Elongation of Mercury from the Sun, 
and is about ^oP 46'. ^ 

Thefe are the Definitions of the Planets Paral- 
laxes and Elongations in general, by which we cal- 
culate their Diftances from the Sun ; for when they 
are greateft they conftitutc a Right Angle at 9 and 
5, and at T for the fupcrior Planets <J, V and ft, 
and the Side T S is common in every Triangle ; 
whence by the following Analogies are found, 

I. ^€ Difianee of Mercury from the Sun. 

As Radius — -*— ■ ■ ■ lo.ooocooo 

l3 to the Side •-•— • T S =s= 100600 = 5.00000CO 

"i^^lrSfr s'j; f S = = 387.0 = A-mno 
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II. n€ Diftame of Yenu9 Jrom (be Svau 

As Radius — — ^ '-^-r 10.0000000 

Is to the Side — T S"i= 100600 — 3.OUOO000 

^ * ^ • l» 
To the Diftance 0^7 cq _ ^^^^^ ^q^a. o ' 
8 from the Sun J^ ' ^7^333 « 4.85P3184 

III. Sr*r Diftame of Mars y«iw rA^ Son. 

As the Sine of the J Trf <;— ;fiorv-»'— a^.^.^n^^ 
gfeateftParalltt J Tcf 8-41 00 = 9.8171042 

Is to the Side • T S =10000023: . 5.0000000 , 

So is Radius ■* ' ■ " * . » io;oooppQO 

To the Diftat.cc of j g ^ ^ ^^^^^^ = 5.181^^ 



d* from the Sun 



IV. 7be Diftance 2f ]upitcr from the Sm. 

As the Sine of the I tvq »»e^^/ ^ «^— ^^ 

gfcatcft Parallax T ^^ S=ii oj = 9.^^391^ 

Is to the Side T S ^xioQOOp ^ 5.0000000 

So is Radius — -^ *-r-' —j- tO/XJobbdb 
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V* The Diftance of S^Xvixn from tk$ Sun. 

As the Sine of the ? np %. o^x© r^i r. ^.^^ , ^e 
greatcft Paralitt f T^S^^"-^ =90204326 

Is to the Side •-— T.S =r|Oocxx)- 5,ooccoco 

So is Radius lo.ooocooo 

To the Diftancc of 7 « t, ^^^^^^ 

b ftx)m the Son i ^ "^ =^954co6= i.979i474 

Thus the Proportion of the Diftanccs of all the 
Planets from the Sun is determined, and is ^cn in 
one View, as below, 

Saturnh.yupittr^Marsd.EarH^Qyenus^ 'Mercury 7. 
954066- 520096/152369.^0000.72333. 38710. 

Thefe Propordon^l Diftances are eafily turned in- 
to Miles by the -Golden Rule, thus; As icooco : 
is to the Diilanco 9f.the Sun in Miles, viz. 82136014. 
: : fo the Fropdrtional Diilaoce of any other Flarxt! 
: to Its tHiiahce from the Sua id^iles. 

XVI. lo 4aktd^Hth€0(Q€e9itric Phiie^ 
LatmWyM ly'tjinme of a fupcripr 
or an hfemr: J^l»j»cf^ 

Marp, , . . ' 

SUp{)a& yon . havQ fas you rtty have for any 
Point of Time) * from the Aftr©nopiicaI Table*'^ 
the Hetiocentric Place andDiflance, ofjthe Planet 
Venus^ €:ff Inftmo^'i/olD the ^ ^ the Place and 
Cifiancc of the Earth tor the lame Moment being 

alfo 
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tifo eiven ^m th^ (tad Tables, we cao eafilj find 
the Flaoet's Place, Latitade, aoid Diftance with re- 
^^ to our felve$. 

Id the foUowiog, let S be the Sun }. A P B the 
Orb of an inferior Planet; N SO the Xbc of its 
Nodes; P its Heliocentric or trac Place in its Orb: 
TOC the fUrth's Orb, and T its Place thciein. 

Then, from the 
Table* there isgiv- 
en the Diftance from 
the E^rtb and Son 
TSi and the Cur- 
tate iHftancc of the 
Planet SD; aUbis 
Heliocentric Lati- 
tude PSD; lafHv, 
there is^ven the 
Angle of CommQ- 
tation TSD, the 
DiJSffcrehce' between 
the Place of the Earth T (or Sun S) ahd the Pla- 
net P, as feen from the Sun. Theic Thiogs bdng 
thus given, we can find, 

I. ^he BkagatiMtftbi ^lamtfrviktke Suo, STD. 

II. 7b* ^Parallax tf the Orbis Magnus, TDS. 

Ill ne GeKMtrie Curtate DtfiaweL TD. 

IV. ne Geocemrie Latitude eft be ^Planet, PTD. 

For, in the Oblique Triangle TSD, there arc 
given two Sides TS and SD, and the Angle in* 
daded TSD, to find the other two Angles STD 
the Elongation, and T D S the Parallax of the Orb 
of the Earth, by C^e lU. of ObHam THang^s, 

Tbea 
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Then, bv Cafe I. in the fame Triangle, you can 
find TD tnc Curtate Diftancc of the Planet from 
.the Earth. 

Laftly, in the two Triangles DSP and DTP, 
Right-angled at D, the Tangent of the Angle DSP 
is to the Tangent of D T P, as T D is to DS ; But 
as T D is to D S, fo is the Sine of the Angle of 
Commutation T S D to the Sine of the Elongation 
STD. Wherefore it will be, 

As the Sine of the Angle of Commutation TSD, 
Is to the Sine of the Angle of Eloneation STD; 
So is the Tang, ot the Heliocentric Latitude PSD, 
To the Tangent of the Geocentric Latitude P T D. 

This Scheme is adapted indeed only to an infe* 
rior Planet, but the Method aad Proportions arc 
equally the fame in mj fupjcrior one ; only this is 
to be minded, that in finding^thlt two Angles of 
the Parallax and Elongattcun^^e greater An^le in 
the fuperior Planets is the Elongalion ; but m the 
inferior ones, it is the Parallax of the Orb, ct € Con* 
tra^ for the Angle which is leaft. 

XVII. 7o determine the Orb of the Earthy 
or to fnd Its Axis^Sy Pojitton^ and 
Eccentricity. 

np HIS grand and fundamental Propofition of 
jL all true Aftronomy is performed by a very 
curious and accurate Method (among others) in* 
vented by that prefent great Prince of Ailrunomers 
Dr. Bdnmd Balkj^ and is thus \ 
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Let POF be the 
Orb of a Planet, 
fuppoic of M^rJ^^be- 
caufchisOrb is the 
moft eccentric; and 
A BCD the Orb 
of the Earth ; let S 
be the Sun, 

Now, let the true 
Time and Place of 
the Ecliptic be ob- 
ftrvcd when Mars 
is in Oppofition to 
the Sun, that i5j when the Sun S, the Earth A, and 
the Phnet P are in one Right-line PAS; which 
mull be in, or (when Mars has any Latitude) redu- 
ced to the Plane of the Ecliptic. Since Man's pe- 
riodica! Revolution is in 687 Days, after that Time 
Mars will return to the Point P again, and the 
Earth in that Time having made one Revolution 
( ^6^ Days ) and almoft another ( 322 Days ) 
is arrived, fuppofc, at B ; where the Planet 
{Mars) will appear in the Line BP, and the Sun 
in the Line BS^ Now, bjci)<^r?i|M; ^he Places of 
the Sun and AforJ, or the Angle of !^ngation PBS, 
the Angle A S B being alfo known, wc nave, in the 
Oblique Triangle P B S all the Angles, and fuppo- 
fing the Diftance of the Planet P^ to be divided 
into loocoo Parts, we can thence, b*^ Oj/J I. of OW. 
Triafighs^ find the Side or Line SB w thofe Parts, 
aiid hctice the Length and Pofitioa of the IJmc S B 
is known, ; 

Let Mars perform another Revpt^io^ |o Jf, ^nd 
then fuppofe the Earth in C ; thus we Ihall have 
the Length and Pofition of the Line SC, as before. 

After 
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After the (amc Manner when the Planet has finiflicd 
another Period^ the Earth will be in D : and there- 
fore the PoiiiioQ and Length of the Line S D is 
given. 

Thus, Having three Lines meeting in the Focus 
of an £Uip(is, all given ia Length and Polition, the 
Tranfverfc Axis, Diftance of the Fod, and confe- 
quentTy the whole Thcorj ot the Planet moving in 
this Elftptic Orb, may be known^ or found by Tri- 
gjonometrical CalcQlation, as in the following Propo- 
lition. 

XVIII, Having three Lines meeting In 
the Focus of an Elltpfe^ all given In 
Length and Pofitlon^ to Jind thiljngth 
of the Tranfverfe Diameter ^ and Its 
Pofitlon^ and D'iftance of Its Foci. 

LET SD, SG 
and SB be 
the three Lines gi- 
ven in Magnitude 
and Pofition j Draw 
DC andFG, and 
producd ttiem ;. fo 
that it may be SB 
: CS.rDFiCf'. 
Join FR on which* 
kt^U the Pei|iendiaiar SG^ whicK will give the 
Pefidoii of the Axisj $» being Part thcpeot. I>raw 
the LlncisDKy CtyMd hH paraUeltoi^lS; and 
cut, SG fo in A, that it may be KD : SD : : GA 
i S^;:Ga: Sa^and make 8a:;=:SA^ then iliall 

Gg the 




^d C^:B^ 
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the Points A and a be the Apfidcs of the Orbit* 
whole Foci are S and s, and 1 r anlVcrfe Axis A a ; 
the Quantity of which Lines arc thus invefti gated 
hy Tri^ofi€7Hetry. 

In the DSC having the DS and CS^ and the 
Angle DS C i we can find the Side DC, and the 
Angles SCD and SDC, by Ca/e IIL of Oklique 
Tnafjghs, In the fame Manner we can find in the 
Triiinglc RSr, the Side B C, and the Angles SBC 
and SCB ; and bccaufe it is S D : CS : : D : GF, 
and DC being known, CF will alfo be known; in 
like Manner we fhall alfo have BE and CK; but 
ive have the Angle BCD, and therefore FGE is 
Complement to 180'' In the Triangle FGE we 
have the Sides FG and CE, and the Angle FGE, 
and therefore can find the Angle FE C, and Co its 
Complement to a Kight-anglc iCEj to which add 
the known Angle SCB, we have the whole Angle 
S C i ; and becaufe of the parallel Lines S a and Ci^ 
the Angle G Sa is equal to the Angle SCi, Hav- 
ing therefore the Angle G Sa, we have the Pofitioa 
of the Tranfverfc Axisr 

In the Right-angled Triangle ECi having EC, 
and the Angle E» we can find Ci, and therefore 
the Proportion of CF to Ci, 

In the Triangle CSL, right-angled at L, there 
is given the Angle CS L (the Complement of CSaJ 
and the Side C S^ hence we fhall find SL, tp which 
adding LG = Ci, we have the Whole SG : and 
becanle CS and Gi are known, Let it be made 
CS : Ci :: SA : AG : : Sa ; aG : : Ss : Aa ; 
and thus we fliall have the Apfjdes of the Ellipfe A, 
a ; and the Diilancc of the Poci S Sj which were 
to be found. . , , ., .^ , 
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This Diftancc of the Foci, or Centers nf the El- 
lipfis, is the Double of that, which in the Planetary 
Orbs, is called the Eccentricity. And thus hy thcle 
two laft Propolitions the Axis of the Karth's Orb, 
its Pofition, and Eccentricity, arc readily determi- 
ned, by Obfervation and '^Platn Trigonometry. 

XIX. By hnvlng the Eccentricity and 
Mean j4nomaly\ to find the Pro/ih^ 
apharejis.y Equrftiv^y or true Anomaly 
of any Planet. 

T ET ABP bconc 
JLj Half of the E1-. 
Ifpfc, which the Planet 
defcribcs ; AP the I-inc 
of the Apfides ; S the 
Focus in which thc.Sijn 
is placed', F the other 
upper Focus which is 
the Center of the Mean 
Motion, accordipg to 
Bifhop fVard's elegant 
andcafyHypothefis. I^et 
L be the Place of the 

Planet in its Orb ; then fhall the Angle AF L be 
the given Mean Anomaly, and A S L the Co-^qua* 
ted, or [T^we Anomaly ; in order, to find which by 
trigonometry proceed thus; Produce FL to E, fb 
that FB=AP (=FL+LS, by the Nature of an 
Ellipfis.) Hence LE==sL S, and therefore the Tri- 
angle LSE is an libfceles one, and fo the Angle 
E=ESL; But the Angle SLF =E+ESL, 
Ggi^ or 
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ot Double of cither (by iTom, V.) Therefore ra 
the Triangle EF^ having FE Jmd FS, and the 
Angle EFS the Complement of the menn Atiomar 
ly AFL to 1 80* we can find the Anglca E and 
E S F, by (^ IIL of Obliqu* InangUs^ thu« j. 

A,EjRfS . EF-^FS ^ . AS . sp ,, 

a a 

TaDgcnt i AF E : Tangent of M^ =:FSL ; 
which Analogy put into Worda is tbua ; 

As the Apheltum Diftancc ' ^ •— — • A S, 

Is to the rcrihclium Diftancc — :— . — — r- S P ; 
So is the Tang, of half the Mean Anomaly AFL, 
To the Tangent of half the True Anomaly A S L. 

The-DiflFerencc therefore between the Mean Ano* 
maly and the True, is the Angle SLF 2 whipb| be- 
caufe if added to, or taken 'from tbe Mean Anmna- 
ly, it gives the True Anomaly, h therefore caltetf itbe 
Frofthaphasrefis, or EquadoU of the Orb, aiid » 
ready calculated to every ^ff^ of the Mean A* 
nomaly in the Aftronomicat Tables, ' 

This Method of Biihop J^f/Ts is but an iqgc- 
nious Approximation to the True Anomaly, not 
the Truth it felf ; therefore Buttialdus has g|vca ^ 
-very confiderablc Corredion thereof, whioh thay be 
fccn in Dn Gr^m% Dr. K$H'p^ i(nd Mr, m>iftm^ 
Agronomical Wofks* 
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XX. To meafure the Height of the Moun^ 
tains in the Moon. 

THE famous Aftronomer Ricciolus affirms, that 
on the 4th Day after the New Moon he has 
obferv'd the Top of the Hill caird St. Katharine^ 
or Mount Sinai ^ to be illuminated, and that it was 
diftant from the Confines of the Lucid Surface a- 
bout a 1 6th Part pf the Moon's Diameter, or an 8th 
Part of the Semidiameter. 

Let BGD rcprc- A„ 
lent the Moon ; A the 
Top of a Mountain 
thereon; CE be the 







Semidiameter of the 
Moon, which let be 
8, then will A E be 
I ; therefore in the 
Triang. AEC Right 
angled at E, there is 
given two Sides AE=i, and EC^8, to find the 
Side AG, which by Mithod VIII, i^ thus; the 
Squares A%+CEa=i4-<S4-65; but AC^y/6\ 
=8.o6a ; Now AG— BC=o.o62=AB theUeight 
of the Mountain A. But fincc (b^ ^ropofition IV.) 
the Semidiameter gf .the Mooff is 1079.5 E^^gnd 
Miles, we Ihall find the Miles in AB, by this Ana- 
logy : As 8 : 1079^ : : ,062 : g ^^ £»glsjb Miles, 
the Height of the Mountain fought. ' 

But, confiderin^ the fmall Bulk of the Moon 
compared with the EarA. it fecms not likely that 
^ Mountdn in the Mpoaihould bej Ximca 43 bLh 
*a thc^ghcff on Earth ; 'tis therefore to be fuppo- 

fed 
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fed that HiVwo&j's Obfcrvations were dcjfcdivc; 
lince Hwefius^ in his Sekmgrapby reckons them in 
General fcarcely fo high as the Mountains on the 
Earth. See more in JJerbas^s Aftro-Theology B. V, 
Cbap. 2. in the Notes and the Books he there quotes, 
or refers to, 

XXI. To determine the Plane^ Square^ 
and Cubic or Solid Meafures of the 
Planets J and their Orbs. 

WHAT relates to the Earthy concerning tbefe 
Matters, you may fee in the Chapter of G^ 
tnograpby ; the Dimenfions of the other .rlancts, ani 
their Orbs they delcribe about the Su% here follow \ 
^hich I have calculated on the Suppoikion the 
Earth's mean Diftancc frcHn the Son be (as Mr Whip^ 
tan^ &c. do fuppoie) 81000000 Miles ^ the' if tiie 
Sun's Horizontal Parallax be indeed lo'V a^ is ge- 
nerally agreed, then the faid Diftance will be 
8213^014, as by ^rop. XIV. does appear* jHow« 
ever the other being a round Numoer, and not 
greatly different, the Dijnenfions of the Plaoccs ac-^ 
cording to it are here ftated, viz. .. 

OfMERCUXr. 

Miles. 

His Diametw - . ■. ■ . 0460 

The Circumference of his Body ■ > ' ■ ' ■ 7724 

The Superficies in Square Miles — ^ — ^ 15)00804 
The Solidity m Cubic Miles ■ ■ ■ ■ J 793^;^3Q0Q 

The Diameter of his Orb • • 04000000 

The Circumference ofhis Orb .fi ; 001004000 
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OJ VENUS. 



Her Diameter -^ - 

The Grcumference of her Body 

The Superficial Content 

The Solidity 



The Diameter of her Orb 

The Circqmfercnce of her Orb 

Of the MOON. 

Her Diameter ^ -^--^ 

Her Circumference 
The Superficial Content 

The Solidity -: — 

The Diameter of her Orb 

The Circumference of her Orb 



Miles. 

— 79^ 

— 24823 

— 15)6238000 
258445900000 

— nScoocoo 
~ 370636000 



m 

14855440 
-5386333000 

- 477840 

- 1500418 



Of M 4 US. 

ThcDianicter -- — - 

The Circumference 

The Superficies 

The Solidity 

The Diameter of his Orb 

The Giicuoiierence of his Orb 



4^ ^ n 
' i3i>6o 
0203;l900 

-45j?666ooooo 
24600CQOQ' 
7736S6ooa 



c^yv^r^R. 



The Diameter 

The Circu[nlcrencc 



8115^ 

^54po' 



Thp Superficial Content — — 20780C000CO 

The Solid Content — — 281 042300000000 

The Diameter of his Orb 848000000 

The Circumference of his Orb — — 2662280000 

Of 
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CfSJTURH. 

Milca. 
His Diameter ■■ ■ 67870 

His Qrcumference .■ ■ 11311a 

The Superficial Content. 14468430060 

The Solidity — -~ 163637700000000 

The Diameter of his Orb ■ 1V54000000 

The Qrcumference of his Orb . 4881 891000 

Mer. Vm. EMbMmi. Mars. Juf. Sai. Sm 

P^fg^/^** - 5.877.00 ♦♦ 0.16 0.60 i.<^ 

The Gravity ♦* •* 1.00 ^34 ** lao t.98 24.40 
^Sffi.'}7»-2y»4.a«44.53- ^Jf^^Aioi^i. 1*96^7. 
Prop. ^Heattfoo. 200. loo. 100. 40. 37. ' ii« 

The Heat of the Sun being fuppoied 4500000^ 

Thus I have finifbed the Ivfodem *Ove9^vfi%Tplm^ Qg 
Dimenfions of the Heavens, and Heavenly Bodies 
ttatrein- which you fee is' altogether perfoxnied by 
9tain Taigonometry. 

' -Thb •oi//)t»<?x<wri«^ or Contemplation oftbeHea- 
vcds^ the Sun^ the Moon« and th^Star^^ flxmld lead 
M^to admire ^ infinite rower ud 'Wiulom of dttt 
Great Being wto made not only thi% but (probabM 
numbcriefs Svftema of odicr Planetary Worlda^ dif- 
pofed thro' tnc umverfal Space. 
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CHAP. IV. 

Plain Trigonometry applied to Fortifi- 
cation ; Shemng how the ^anthy 
of the Sides and Lines of any Fort are 
determined by Trigonometrical Gi/- 
culation. 



FORTIFICATION is an Art that re- 
quires no fmall Skill in ^lain Trigonometry ^ as 
will appear by the Sequel of this Chapter. 

Fortification is called Mititary Jrchite^urt^ as it 
fliews how to fortify a Place by conftruding Ram- 

J)arts, Parapets, Moats, and other Bulwarks of De- 
fence, to the End that a few Men in Garifon, thus 
circumftanccdi might be able to defend and fccurc 
tlwnifclves, and the Place from the Attacks of a 
©timerous Army of the E6cmy without. 

Fortification ih either Regular or Irregular ; that 
is, a Regular Fortification which is built on the Plan 
of a Hegular Polygon, the Sides and Angles gf 
which ire all equal j as a ^entagotj^ Hexagotj^ ^c. 

Irregular Fortification is that whofe Sides and 
Angles ate not uniform and equal, nor cqui-diftant 
J&om each other. ' - 

H h But 
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L - - ^ -r — \ — n '- 

But a more particular Dcfcription of each Part, 
(about which tne Trigommeter is mofc immediately 
conccm'd) take as foUbwa. Sec the FiSHf0. 

L A Fort is a Piece of Ground environ- 
cd with aRampire or Wall^ arid »/ •-^-.-- 
Ditch to impede the Aflaults of an E-? ^ ^-^^-^ 
nemy ; as tne Pentagonal Fort . 

II. A Rampirc is a Wall of Earth en- 
clofing the Place fortified, the Foun-^ aa, aa,a. 
dation whereof is — ^ ""^ j 

III. The Curtain is the Side ~ O N- 

IV. The Bulwark is the Part NFGHT. 

V. The Front of a Bulwark FQ or JO. 

VL TheFl^nk of the Baftion or Bul-I trxj rr^ 

wark is JtNorLO. 

VII. The Gorge of a Bulwark, b theSpace f „ ^ 
between its two Flanks, as — — •— J" W" *. 

VIII. The Gorge Line is the Line ■ J^ (^ 

IX. The Head Line of the Baftion is— c G. 

X. The Shoulder of the Baftion is-^ — ~ F, orL 
XL The Flanked Angle, or Diamcoid Pomt * Qi 
XIL The Line of Defence fixed or 



Fichant, is 



\ oa 



Xllr. The Inward Flanking Angl& id-;-* S GF il 

XIV. The Outwaftl Flanking A^le is -:- GMk! 

XV. The Angle of the Shoulder . N FG. 

XVI. The FjOie Bray r. — • — - bS 

There are various other Terow <ilod in ii&» Art, 
but Uicfe arc fufiicient to anfwer flay Furpofe : which 
is only to Ihcw the Ncceffity of the Dodrine of 
<Pkin Trigoemetry for all fuch tt WQidd h»YC No- 
tion or Skill in Fortification^ ' . . 

The 
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The Quantity of the Angle at the Periphery of 
any Polygon, is called (by Authors on this Subjea) 
tk^ Anglp Pt the Polymii ; .itod Half the Quantity 
of the Angles at the Center (which is always) 50 
Degrees, they ?4l the Angle pf the Square ; alio 
the Flanked Angle of the Square being always 6q 
Degrees, and the outward Flanking Angle being 150 
Dcgfecs ; there follows this general Rule for finding 
the fame Flanked and Flanking Angles in any 
lather Regular Polygon; viz. 

Subtradk the Angle of the Square 90* from the 
Anglo of the^Polygop j Half the Remainder add to 
the Flanked Ancle of the Square 6q% the Sum h 
the Flanked Angle of the Polyjgon propOfat 

Alfo fi^tra^ the Half'Remainder froov^he Flank- 
ing Ar^k of the Squire 150% Md there ^lU rer 
IHaio 0e Fla«Wng AnglQ of the givqa polygon. 
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Examfli ^ a Tcatagon. 

The Angle at the Pcriphciy of a Peintagm \s ioSi 
Fromwhichfobtraatbc Angle tjf the Square 5)0 

The Remainder is ^ -^ — ,'' \ ' 18 

The Half whereof is --^ — :- 9 

Which add b the Flanked Aag.of the Squacc 6q 

Givca the Flanked Angle of die Pentagon 69 

Then from the Flanking Ane. of the Sqaare 
Subdud the afbrefaid Half Kcmaindcr ^ 

There will remain the Flankjjjil Angle of 7 
the given Pentagon ■ ' ' ^ .j -^ 

Now, the Flanked Angle of the Bulwark being; 
Icnown, we can thereby comi at the Knowledge 5 
all the other : Angles neceflary to be l^m^wyi, u d^ 
i4cthod following, 

"* ' i ■ ** 
tsx the foregoing Figorci the ADg!eT t»Af»-*-*»i. L* 
at the Ckrntcr of the Fentagon Sr f *Ai-^7VJCi 
The Half thereof i» — «-r: — r-r — CAD = 5<J/)o 
The Complement of which to 96" is DC A = 54 op 
The Aaglc at the Bulwaxk is - — r EGH =» 6aoQ 
The Hiff thcrcoiT is — - -^ FCA ^ jiw 
Which fublraacd from SGC=DCA^ .. -■^'^■■ 
there will remain the ibward > d^.«sip.9A 1 
Flankb| Angle T'^'TT-y. ^^ ' 
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Alfo % SFG=2lMG. is equal to 7 |^w^ , 
the Outward Flanked Angle i ^^^• 

]L^tly, fropi two Right-angles -i^ 180.00 

Subtraft Half the Ang.oTthf J?oIyg,BCA« a.00 
There remains the AngI? — - — - — - pCG ^ |20.CQ 

And thns from the Flanked Angle of ^ny other 
Polygon given, are the other Angles to be dctcr-i 
mined. And tho' there is uq jNcccility that the 
Angles of ;i Fort ihould be espt^ly fpch as are found 
by the above Method, biit may oe fomethjijg more 
or lels as the jEHaee or dther O^fions may tcifl|ttirc ; 
yet fujpipa^g t^em fuch, in tbc ?«tagon, the Qaan-^ 
tity of Ac Siejcis %tc to be /dfftowincd by ^rigptio* 
mtrical Calculation, as in th$; fablequ^ Methods 

InOi4crtotl?is,tljeicttaftbftrgivcii : : F^et. 

I. The Curtain, which fuppofc • ON = 420 

M. TMF»nl;^ftbeBirfw«rie .,r— FQ =?*i8q 

Wlicfiec tbe. other Sides ace xhus found. 

I. ]n th BJ^ SrJMgi0 SGF, ^ Cafe tit - 

As Radius — — — — t— — ^— •=^— lo^pcoocoo 
Bulwark -^.n j- FG = aSo = 24471580 

So is die Siee-df the T ri^i?_l; ;p^^, .\ ^^,, .. 
FUnkiag Asgfc J pGF^ijfso's ^.51234^55 

2 ^. . . . . »- • -• . - J I II ii.M ..,.,,1 

;r. la 
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U. In the fame Triap^le^ and hj the fame C^p. 

AaRadiup — . •— ^ -^ —— -— 10.POOOOQO 
13 to the Front of thfc 7 irr: _ -ifir. ^ aa^w ^qa 

Bulwark -^ -J ^^ =^^^ == ^4471580 

So is the Sine of the 7 ^^y* _^^^^/ ^^^^^.f.^ 

Angle — J S^ =57S'^39 = 9-S7434P0 

To the Line """' i , S6=a63.5>4T: 94115046 

Add Half the Cqrtain S I =210.00 — : — r . 

The Sam is the line IG -^ 473.04 

The Double whereof is KGs ^7.^8 the Side of 
the outer Pentag^, or Piftanoe of the Diamond 
Points ^K. . - . . 

V1.1ntU ^H^Piaifgh lAQyhyQf/i It. 

A* the Sine of the Ai^ IAGs36*oo'3s 9.7692187 

Is to the Side 1 G =473.945= 2.6757^00 

So is lUdios • ' " 1 ' •'— lo.OQOoooo 

To the Side, or I^inc— ^ AGsssSojJ.j ss. 2.90^3013 

IV. In tie famtTriangU, ^Ofit . 

As the Sine of the Angle lAG =:36.ooca9 9.7692187 

I« to the Side — IG =473.0*^ 2jlfys7Vx> 

So is the Sbc of the Ang. AGIr:: 54.00==: ^.yy/(^^ 

To the Sidg or IJoe — -* 14=5=552,3= 0.8144^89 
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V. la tbt Ohttqtu Triatrgle FGG, ^ Ca/e I. 

A8 the Sine of the Ang. FCG=:86<t)0'= 9.9989408 
I« to the Front ot the 7 pn— ^Qr. « ^ .^. /-Co. 

Bulwark f *^^=" ^^ = 2.4471 i8«> 

So is the Sine of the Ang. F(3C=34°3o'— 9.7531280 

To the Lbe FG=ijS.98= a.aoi345z 

VI. J» the fame Triangle j and by the fame Cafe, 

As the Sine of the Angle FCG=86°oo'= 9,9989408 

Is to the Front FG = a8o = 24471580 

So is the Sme of the Ang.GFG=59»3o'c= $.9^5'^ »04 

To the Line CG =241.44= 2.3835376 

Which fubdu<a from — AG =806.51 

. There renu^ns — — AC =564,87 

\1I. la the Right Triangle FCN, by Cafe IIL 

As Radius > ■ 1 « ' '» . locoooooo 

To the Line — FC =158.98= 2.1013454 

So is the Sine of the Ang. FCN=4o°oo'= 9.8080675 

To the Fknk Line FN=i02.i9= 2.Q094127 

T« which add the Line SF = 93.47 

The Sum is the Line 10=105.66 

Which fabtrad from —AI =652.51 

There remains the Line AD=456.66 

VJIL Ai 
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VltL In tbefamt triapgh^ aitd.i>ftht famt Caji. 

Aft Radius •»■■■■ ■ 10.0000000 

I« to the Side ^-^-^ FC=ij!8.5)8= 2.2013451 
So is the Sine of the Aafr CFNf == jo*DO' = ^48842540 

To the Gorge Line—— NC =121.78= a.o8«sogi 
Add Half the Curtam . DN =210. 



The Sum is the Line — DC =331.78 
The Double of which is BC =663.56 

IX. jfo the Right Triangle FPN, iy Cafe II. 

As the Sine of the Aag. FPN=i 9^30'= p-ia349^3 

To the Flank FN=i6aa9= 2.005)4127 

So is the Sine of the Ang. PFN= 70.30= p.5>743466 

To the Line r PN ==a88^58=j5 44^2640 

Which fub. from the Gurt. NO=420. 

There remains the Side OP =131.42 

X. In the Right TriangU ROG, by Cafe IV. 

As the Line (SG-fON^r) RG=683.94= 5.83^0100 

Is to the Side ■ ■■■ " OR— ip5.6o=: 1.2914580 

So is Tangent Radios — ■ — - 10 0000000 

TothcTang.ofthcAng.RGO=i5^58'= 9AS6^yo^ 
XL In the/am Triangle^ ly the /am Cafi. 

As the Sine of the Angle RGO==i5*j8'= 943945<So 
Is to the Side or line RO =195.66=: 2.2914900 
So is Radius ■ " ' ' ' . . ' »' iOXXX)oqo6 

TothclongcftLincofT nr..^.. a ^q^^^o. 
Defence ^^ J 0^=7"4= 0.8520340 

*. Thus 
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Thus you hfevddfelivttrcd' a Method for finding 
the Qaaotkjrof.tl»e.Line4,Side«, and Angles of any 
regular Fortification ; and herein the young Student 
will fee farther the great Ufc and Excellency of 
'Plain Tfig$nmmetiy. ' ' ^ . - 




Plain Trigonometry appUdd .tt> the. DoC" 
trim of Prpjediiles, oruirtoj. Gunnery ; 
Jhmwg the Cahttlatlm of the Impetus, 
DireSiion^ Amplitude, Height, SCc. of 
; the Proje^pffff or Randoms, of Bullets 
and Bombs Jhot or thrown from Pieces 
. of Ordnance, 

'X'^f'^^J^^^Vy- ^'together depends on 

X the Dodrinc- of Projedions, and hs chiefcft 

PrOpofitioMir* -performed by Tritonometrkal Cal- 

ThcLine of Motion, which a Body proiedcd 
dcfcnbes, abftra<aing from the Refiftance o?the Me- 
dium, »J« Curve of a Parabola, as has been of 
liKcprov^ bymatiyMathcmaticiaQS,-and particu- 
M^i7 t^" ^-t^f ^f^*'^ »° his Matb. <PrwcipUs of 

li In 
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la the .Doairine of Vtoyt&XQ^ or Projeaed &- 
dies, we are to eonfider prindpally thefc fi)llowiDg 
Things ; 

L The trnpetus or Force wherewith the Body is 

projcdtcd from any given Point, 
n. The Dircdion of tne Motion of the proje&d 

Body, whidi is either Fartllel to the Horizon^ or 

oblidaely inclined thereto, above or beneath it. . 
III. The Amplitade of the Projedion, or Diftance 

to which a Body is caft, in any Dire^on. 
JV. The Height or Altitude of the ProjcdHon, or 

the higheft. Point of the Curve it .dc&ribcsa- 

bove the Horizon^ 

With Refped to the Art of Gunnery, the above* 
mentioned Particulars are to be underftood thus; 

The Impetus is the Force of the Gunpowder. 
whereby the Bullet or Bomb is violently pfOJeAed 
irom the Ordnance. 

The Diredion is the Pofidon of the Caoaoo, ei' 
ther parallel to, or elevated above the Homoo, in 
any given Angle. 

The Amplitude of the Frojedioo, is the Rioge, 
or Random (rather) of t|;ic IS^^uig^ or IJDit<ifpit 
Bullet's Courfe, before it graica. : i 

The Height of the Projedioo is, the Hbbhe of 
the Range, for the Projedion is called theKiidgCi 
in this Alt* 

Concerning the Diredion and EUevaticm c^ g?Ffto 
of Ordnance, thelc ibllowing Particulars are to be 

,notcd. 

The Diredion of a Cannon is to be ndnned the 
fame with the Dircdioii of its GoQOiS% i £xr by 

■''■■v.:: the 
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the Firing of the Gunpowder the Bullet is emitted 
s^ordine to the G)neavity of the Ofconoo or Mor- 
tar ; ana was it not for Gravity, i^oold proceed in 
that Right-line produced j fo that that Right-line 
b the Diredion of the Ordnance; 

Xia Whca 
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When Walls arc to be batter'd, or any Thing to* 
be done, where a great Impetus is required, and 
the Marie is not above loo Paces off, and the En- 
gine fufEciehtly ; In ftich Shots as thefe, the Dirc- 
OTog of the Cavity, jpropcr Quantity of Powder, 
and Weight or Size or £4^^ ^^ ^^ ^^^7 Rcquifites 
to flrikft the Mark Point Blank, or dire&ly. 

But, iincc'Qtadclsg or ^t Town to be bomb'd, 
car not moft commonly, bV reafon of its too great 
Biftance, be hit^b^ a dire^Xi^vel ; the Engine muft 
be elevated in a given Angia td the Horizon; For 
which Pur pofe, there is nl^d « Rtfler ACB^ where- 
unto is,fijLed a graduated ocmicirde LEB in the 
Farallelograin LIGB, from the Center of which hangs 
a Plummet K. The Rukr maft be infer ted iiito 
the Meutk or Cavity of the Prcce, aod held paral- 
lel to the Axis thereof ; and ih^s the Ordnance is 
to be railed or deprcflcd, till the Pcfpciidicular CK 
cuts the Degrees of >Elcvation required in the Point 
D, reckoning the Dcgi^es from E L* For 'tis evi- 
dent by Infpedion, that the Angle ECD is ^qual to 
the Angle CHN the Elcva>iQn of the Engine j be- 
caufe the Angle DCL is the Complement of buth 
to a Right-angle. 

In order to reduce the Doftrioe of Projection of 
Heavy Bodies to a Methodical Calculution, and ap* 
ply it at the fame Time to the Art of Gunnery ; 
we muft, inftead of the Force of the Powder, confider 
the Perpendicular Height to which the given Charge 
ot Powder is fufiicient to throw the Ball j and having 
the Perpeibdiatttar Ue%hr ot ftny Inkpetos; of tir 
Powder, thfo* fM^ bt reprdfteted by a &i|0it>4iiie, 
and therefbrb'thtf tZS^tCuIackte iMy be made Willi 
Eafc, as£bUc«wi; ^ '^ ^ ; 

"ill 
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In tht Figwc abovc^ let A be the Mouth of 
a Cannon whence a Bullet is to be prcjcded in the 
DIrcdiori AE, and let AB be the Perp.!ndicular 
Height to. which the BuUtt might be thrown by 
any given. Charge of Powder; then Ihall the Bul- 
Ict^ inftcadof^ proceeding in the Direftioii AE, dc- 
fcribc the parabolical Arch AHK whofc Height a- 
bovc the Horizon is HI^ and its Amplitude A K. 
Now AD is i of AKV ancf DF=HI, and the An- 
gle FAD 13 the Angle of Elevation of the Eqgine j 
but becaule the Angle AFB is in a Semicircle, it is 
therefore a TUglit oncj and by Reafon of Similar 
Trianglei, the An^le DAF = AFE = EBF : and 
therefore, APp^EF, is equal to the Sine of double 
the Angle pl'Elevationj or aABF. Wherefore as 
AD is one Fojjjth of the Amjditude, 'tJs evident, 
when the Angfc'of Elevation is half a Right one, 
that then AD = HI =« | AB ^ iAK. That is, that 
the Height of the Range HI would be equal to 
( fAB) half the Pcrpemdicular Height, and equal 
to (JAKY a (gaiter of the AwpUtude; whence 
alfo the Ac^plitude is equal to ( 2AB ) twice the 
Pcrpcndicultr Height ia luch a Qfc. Whence 'tis 
eafy from the foregoing Prenaifes to deduce the foU 
l<)wing; C^mps for C«ilcul^a* 

Cavon 
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Caeon I. 'A 

As Radios : is to the Tangent of the Elevation FAP, ; 
:: So is AD, one Fourth of the Amplitude AK, 
: To the Height of the Range — HI. 

CaaOB n. 

As the Sine of the Angle of Elevation --— FAD, 

: Is to the Radios. 

; : So is DF : AF; and then 

: : So is AF : AB the Height perpeadiculvl/. 

Canon IIL - 

As Radios : to the Sine of the An. of Elevation A6F, 
:: So is the Time of the Ferpendic. Frqje^oa AB, 
: To the Tune of the Projcftion iQ AF. 

Canon IV. 

As the Sine of Doable the Angle of ^«va-? ^^. » 
tion, or ■ ■ — .— J**-*^> 

: Is to the Sine of DooUe thcAndc ofl^vA-mr 
any other Elevation — ^ j-aiiAM 

: : So b the AmpUtode AK made id the*) « c* 
Dircftion -^ — S ^^ 

X To the Amplitude in the Dire^op i . AM* 

Canon V. 

As the Verfed Sine of Doable the Efevatfon KAF, 
: Is to the Vcried Sine of DoobJe the Elev. KAM \ 
; ; So is the Height of the Range inl .tj. _. . « 

the Direaion — - — J^» '»*' "^^ 

: To the Height of the Range in7 *w ^„ *xr 

th? Direaion *rL_|AM, w«. AN. 

Canon 
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Canon VI. 

As the Sine of the Angle of Elevation KAF, 

: is to the Sine c^ the Ang. of the Elevation KAM^ 

: : So is the Time of the Pr o jcfilion in AF, 

: To the Time of the ProjcSion in ■ AM. 

By thelc Six Canons^ all the moft uicful Part of 
the Military Art, or the Propofitions of Gunner}^ 
fo far forth as they come under a Trigonometrical 
Confidcration,.are readily performed ; as will ap- 
pear by the Operations of the cnfoing Pxopofitiona. 

^ropojtlion L 

Admit a Ball be thrown to the perpendicular 
Height of pop,2 Paces with agiveiti Charge of Pow^ 
der, how far will the fame Charge throw it in the 
Diredion AF, or Elevation pf the Angle FAD — 
!/• 45' ? ^^^ aMb the Height of its Range HI, 
and gregtcft AiPpUtude ? 

Br the Jn^litude^ Giy ^ 

As Radios -' — — ' — io.coo6oc» 

Is to the Half Perpeo* Height as 454.6 ==2.6576194 

So is the Sine of flie Doable:) _.^, ;. „ 

Angle of Elevation .-T-L.- 3i- ii'=p.7<5wi«8 

To a Foorth of dte'Ax»j)litudc 2624 =a.4j884aa 

The whole Ampl theM^re is 1040,6 Paces, or i 
l/Sltfire. 

For 
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For the Beigtte/th$ tiangi^ fay ; 

As Radius ■ » ■■ '> — ^ — — •^-*— iC.doooooo 
TothcTang,of thcKlcvitian l^^ ^5^;"^ .9^SP. 
^ is a Fourth of the Asnplit; 262.4' ss: 141^ 



'^ti^^'^'^Z} 84 =;.«^.3.3 



As the Sine of Double the *> ^ ^5 , ^/ ^^^ 'o 

Elevation Jajf 15 = P.7<5i"i8 

Is to the Smc Qo*, of greateft Sine sto.0000000 
So is the Ramiont already £bttiid,i04p«tf=« 3'J02O^^^ 



To the greateft Ra;i(LprAmpL iSt8.ss 342397617 

Suppo/i a Shot with a Mnrtar upm 18 Drttm of 
Elevation throws ^ a Bmb one MiU^ «r 1056 ^aces ; 
Ouere the Height rf tif$ ^9tpmdibaJar Sbot^ and the 

Slight of the Eiati^e ? 

• ■ ■ ' * 

As the 'Radios ''■ i ■ ■ ■ i-L—^ loiooooboo 
Is to die Taog. of the Eiev. i8f oq; :;$; 51151 177^ 
SoisaF<JoittooftheglvcnRan.alS4 =2.4216039 

To the Height of thc.Raogc 85.7 cs. 1.935579^ 
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For tht^erptttdiculat HrigbU 

As the Sine df the Elevation i8*oo; =i 9.4899824 

Is to Radius . — — lO.Ooooooo 

So is the Height of the Range 857 =: 1*9333799 

To a Fourth Number — ^T7*S ~ ^-4433975 
And fo is that, to the Per. Height 898.2 = 2.9534 iji 

^rcpo/jtion III. 

Sappofe a cnrtain Chsrge of ^ewder^ ftMcieut to 
throw a Ball to the ^^rpifuUcular Height of 800 
spaces ^ Jhoald caft a Ball to the D'lftauce 1260 ^aces\ 
Quere the Elevation, and Ibi^ of^ the Random ? 

For the Elevation^ £siy ; 

As Half the Perpend* Height 400 = 2.6020(^60 
Is to a Fourth ofthc given Rand. 315 •= 2.49^3^05 
So is Radius ~— lO.oooooOD 



To the Sine of Double Elev. =^51^ 57'= 9.8962505 

The Half of which is 25* 58'; but that is alfo 
the Sine ,of n^t 34 jAc *Eal£ gf. j^bich is 64^ j '^ 
therefore the Elevation 'maybe either 25^58', or 
6i* I', itudiS^xiadf.^ . u., v ; .; ;.:. 

fbr ik* Height $J tko Raindgtn;^ ' 

As the Biad&is \ : — — ladoodooo 

Is to die Tang, of the Elevat. 25* 58' = 9.6875402 
So is^Foan^ Otitic giveft Amp. 315 = a.4983105 

To the Height of the Random 153.4 = 2.1858507 

Kk If 
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If the Height in the Elevation 64^ i' be required^ 

As the VerftdSinp of Double \ ^q^<_^ ^©•c*,q< 
the firft Elevation jji^ S7' 3 ^^^^ 3.583»786 

Is to the. Verfcd Sine ot Double 7. , <, <. . ^ ^c ^ ^ r .. 
the fecond Elevation wS^ 3' r^<5^^3= 4.^084914 

So is the Height in the 1 ft Elcvat. 153.4— a. 1858507 

To the Height in the 2d Elevat. 646.3 = a.8 1 04635 

Thid might alfb be found (and that moil eafily) 
ad the firft Height j but I ufcd this Method of Ver- 
fcd Sines for Variet/s Sake, 

^fopojhion IV. 

Suppofe a Shot made upon 45 Degrees of EJevatm^ 
centimes 12 Seconds oj Jtmein the Air-^ 'tis demanded 
How lefig it will contimein the Ait when fiot from, 
75 Degrees of Elevation ? 

Say, As the SineoftheElcvaUop 45*^ = 9-8494850 
is to the Sine of the Elevation ^5 =: 9.9849438 
So is the Time, -; — — •: — r 12" = 1.0791812 

To the Continuance in the Air rcq. i6"3= i.ai 46390 

For the ^ime of the perpendicular^ fay j 

As the Sine of the fUtfyation oC. \^. ^\ 9-8494850 

Is to Radius — — - 10.0000000 

So is the Time - — — — i2"rais •i3b75^i8f2 

To the Time of the. Pcrpau Shot l^iish^jAx^S^z 
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FrcMn thefc Propofitions, and their particular Ex- 
aniplcs, I fuppofe 'tis fufficicntly evident how ne- 
ccffary and ul^ful the Art of ^la'tn Trigofkmetry is 
in the Art of Gufwery^ in Cafting Bcmbs^ Fufecs, 
and other Inftruments of Dcftruftion in Times of 
War, and in Cafes of Neceffity, fo as to cfteft the 
defigned Purpolcs with Certainty and Succefs. And 
this is all I intend, leaving what cMc concerns this 
terrible Aftair to thofc who have more Knowledgq 
therein than myfelf. 

CHAP. VL 

Plain Trigonometry appUed to Mecha- 
nics ; m computing the Dire^io?jSy 
Celerities^ Momenta^ and Forces of 
moving and ftriking Bodies. 

IN order to undcrftand the Dofirinc of Motion, 
the following Definitions are neceffary to be pre- 
xnifed.- 

Defimtions. 

I. Motion is a continual av\d fucteflivc Change of 
Place. 

II. Olmty isaq AfFcaion of Motion, whereby a Bo- 
dy in Motion paflcth over a given Space in a given 
Time. 

JIL Refi^ is the Permanence, or Continuance of any 
Body in the fame Place. 

K k :^ IV- ^lac^ 
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lY. ^laci 16 the Space taken up by any Body |^ and 

is two-fold, jWolutc or relativfc* 
y. Jbfolati ^lace ts diat Part of the immoveable 

Space which a Bod v takes up. 
VI. Rilativ$<Plac$ is die Situatioa of a Body b re- 

fpcd of other Bodies, and can only be diftcmed 

by our Srafes: and is c}iangeable, while ftbiblote 

F lace remains tnc fame ; and r fcfttra^ 
yU. Jb/dlme Akihu b % Change of abfolute Place, 

and its Celerity is mcafured by abfc^ute S{iace. 
Vlil. Relative Motion is the Change of relative 

Place, and its Celerity is meafurM by relative 

Space. 
5X. Jb/iJute Reft is the Pcrmaneoce of a Body in 

the fame abfolute Place. . 
X- Relative Reft is the Permanence of a Body in the 

fame relative Plape. 
XL The Dire0$on of Motion is a right Line, accord-* 

ing to which the moving Body 'tends to any cap- 
tain Point or Place. 
ICII. Equable Motion is that -which is performed |n 

every Part of Space pafTed over, ivith equal oy 

the fame Celerity. 

XIII. Jcceleratea Motion \9 tiiat .who£b Celerity qr 
Velocity continually increafi^h, 

XIV. Retarded Motion is that whofc Velocity is 
continually diminilhed. 

XV. The Momentumy or Mottfenta^ is the Quantity 
of Motion, or the Quantities of Motion in mov- 
ing Bodies compared, which is compounded d 
the Quantity of Matter and Celerity otMption, in, 
any Bodv. 

XVL A Vower is any Force impre^Ted, or a^iqcoQ 
any Body, to change its State, cither of Motioa or 



Affiled to Mechanics. t6 j 

XVII. Gravity is a Force tending downwards, or 
whereby Bodies tend towards the Center of th<? 
Earth. 

XVIII. A CtntripetaJ Force, is that whereby any 
Body endeavours by Gravity to reach fome Point, 
as its proper Center , the contrary, is called th$ 
Centrijugal Force^ receeding from the Center. 

In the next Place 'twill be nepeffary for the young 
Trigonomcter to undcrftand the Laws of Nature re- 
lating to Motion^ or Bodies freely moving or lalling ; 
which 5ir IfiiOc.NewUm h^ reduced to Three, in fis 
^rincipia ; and are as follows* 

Law I. 

Every Body will /continue in a State of Reft, or 
win move WAitofmlY ia a right Line, except fo far as 
it ji compelled to pbange iits firS State by Forces im- 
prefled. 

Law 11. 

tpjc Change <f Motion is always proportionable to 
the moving Fortes imprefled» and is always made 
according tp the Bright t<ioe, ia \vl^id^ that Force is 
impreflpd. 

JjiW IIL 

ASlion is always equal and contrary to Re-^aUion j 
that is, the Adtions pf two Bodies on each other ar? 
always emuil,, aad in contrary Dire&ions. 

Thcfc Xaw3 of Motiopy which all Bodies obferve, 
^re illoftrated) proved and eftabli^d, by the above- 
named great Author in the faid Book, and by many 
other Writers of vml^anical and experimental ^hi-^ 

hfophy:^ 
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Ipfcpky ; which the Reader may confult at his Plca- 
furc. 

From thcfc JiKicm or Fundamental Laws of Na^* 
ture^ the Ibllowing Corollary is deduced. 

Corollary. 

Every Body by conjoint Force?, will defcribe the 
Diagonal of a Parallelogram in the fame Time, 
whrrcin it would do the Sides by the Forces fioglely. 

Sqppofe a Body A, A "B 

with the Force M = 8, ^ 
were carried with an uni- 
form Motion from A to 



B 



m 



the Time T = 



i. 




and in the fame Moment 

it were urged by the ^ 

Fprce N -= 3, from A 

towards C; it would, 

by thole joint Forces, 

be borne Irom A to D 

in the fame Time. For O IS 

^ bccaufe the Force N a&s according to. the Line AC 
parallel to BD, it will nothing alter the Velodty of 
approaching to the Line BIJproduced by the firft 
Force M, by Law II , it will therefore arrive to the 
Line Y>\y in the fame Line T, whether the Force N 

/^ adlcth on it or not, and will in the End of that Time 
be found fomewhere in the Line BD, By thc^ like 
Rcafoning, at the End of the laid Time it wifl be 
found fomewhere in the Line CD; and therefore of 
Neccffity it will be in the Point where thcfc two 
Lines meet, viz. in D, and the Force (thus com- 
pounded of the firft two Mand N) whereb y 'tis car- 
ried in the Line AD, will be^ VM ^-N, or i/ hp 
=p.8. t or flnce the Time is the fame, the two Forces 

M 
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M, N, will be rcprcfcnted by the Sides AB = CI), 
and AC - BD, i n thcfirji Ca fe oJ^ReSavguJar 'Pa- 
rallelogram:^ but VAB 4- BD = V AD =:^ V 9.8 the 
compound Force. 

In the Second Cafe^ where the Dircfition of the 
Forces arc imprefled obliquely to each other, on the 
Body A; it will always hold, as the Sine of the 
grcateft Acute Angle : is to the greater Force for as 
the Sine of the Icflcr Acute Angle : to the Idler Force) 
: : fo the Sine of the Obtufc Angle : to the new com- 
pound Force fought. From hence rcfults the Inven- 
tion of that curious Art, 

Of the Compofition and Rcfolution of 
Forces an^ Motion. 

fT^HE £x^w/>& in the preceding Gp^oZ/i^ry, isfuf^ 
L ficicnt to flicw, how two dired or oblique . 
Forces AB and AC, are to be reduced to one dircd:. 
Force AD, and how the Quantity of that Force is 
to be eftimated. 

And if any finglc dired Force AD, of a given 
Quantity, be propofcd ; 'tis eafy to fee how it may 
be refolvcd into two Forces AB and AC, that Ihall 
aft either in right or oblique Dircft ions to each other ; 
and to determine the Quantity of each, 

Alfo, if a Body A be aficd upon by three given 
P<iwers or Forces B, C, D, that arc as the Sides of a 
Triangle made by Lines parallel to the Direftions of 
the Powers, *tia trom hence evident, that Body will 
be at Relt. 

. .. , , ^ Suppcfe 
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' Soppofc the Force B= 4, C =» 3^ ^d 1) =4} 
then becaufe the Forces at B^ Q and D arc as the 
Sides of the Triangle Aca, or Ada, 'tis plab the 
Forces at D and C & bat as one at a; and becadc 
that Force is eqaal and contrary to the Force at B, 
the Body A molt be at Reft. Thus ^tis eafy to onder- 
ftand how a Body A may be at Reft, du/ afted upon 
by four different Powers at once in as mmy different 
WrcAions* 







< a 



For fuppoic the Body A were foUlcited eowards £^ 
D^Cy $ai S^ with Forces at£=;i, atD=a, at 
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C = 3, ^nd H = 4.^ J^avlng com pleated tht Paral- 
klogramrs, ^tis mamfcff the two Powers at D and G 
are reduced to one at aj arid.aS;s in the t)ircdtoa 
Aa ; alfb that thfc Powers af JK and JB^ will act on A 
jointly in the Dirc^ori Abj bi^t i-Ke'.|^owers at a 
and b arc cq^ual and cohtifary, and t&ifef6fd the Bud/ 
A muft' hc'at Reft. ^ * . 

Once more, a Body A, tho* aftcd upon by five 
different Powcr^^ B) C^^ D, JE^ an4: F,- may /ct Re- 
main in £quilH)rio, or be at Rerf. . 



Let the Forces be as follows, at B ±= 8, at C xr^,' 

JD.= &( E « 5,iindit F^is tfe'a haiHuig drav^n 

ths>mpe&i^0j2ii^ w ip^cawi/ th A the 

PowdEs-at X3^ art isciiyied to the Dire^tim A g j- t*ic 

FowcrftaD E^ P^ toctheDirissftioo Ai^.aiMb'Clik5fttv*o 

y^A^^iaiKiAM^i^r^.iedliaed to* the DiieCbioffiAc; hut 

^ flnrf i« cdfldLMd ocAitranr^ tothc Power Md Ite feittft- 

tion at ftj^ Aa dticftfpffcthclBDdy A^frtiWf te at Reft. 

Aady afttoi thi^fltoaujn^, k mn^r bd M^f how the 

Bc)dj,Ar]r»^n^tf:ir ^ft^ tho' a^vitfAed b^ a^jr 

^eatcr Number of Forces, and in as many Directions. 

LI And 
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And now if wc fuppofc the Powers or Forces fnch 
asfhall determine the Body A, to move in fomc Di- 
redion; if the Powers, and the Dirediona in which 
thej ack on the Bochr A be given, the Qoaadtv of 
the Motion of th« (aid Body, and its Direaioni 
may be eafily found by Trigonometrical Calculatiog, 
as the Reader may try, and dterwiards prove it by 
Experiments. 

The Fower^ or Forces of Oblique Percuf 
Jion compard. 
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''T^I 5 • plaiii Jiaaam^ Ihat if any Body A b* 
^. -"t »«»pcUcd with any given Force, in a iierpea- 
diOTlar Direaion da the P<oint K that it moU then 
giketheiaidPobt B with the greateft Foice poffi- 
Wc} which foppiofc of looo Parts ; thea'irom:^^ 
wc fliall eaffly compote the Force of the^ttoke in 
«jy other Diredion, obliquely, as in Cftfo^Iaftance: 
For let die Force CB ,bfr idblveii iatb tvtoother 
Fofcca, wx Gc atidcB^ which together «ie e^ohra- 
■ ■■ .^••■•■■- . . iair'- 
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lent to the Force CB. But the Force Cc, being pa- 
rallel to the Plane EF in which is the Point B, can 
by no means affcd; it, and therefore not to be confi- 
dered. The Foi^c clj^ then, as being perpendicular, 
can only avail to ftrike the Point B ; now cB — Cb, 
the Sine of the Angle of Inclination CBE ; there- 
fore the Force of any oblique Percuffion is to a Per- 
pendicular Stroke ( cjeteris paribus ) as the Sine of 
the Obliquity or Inclination is to Radius j and the 
Force of one obHque Stroke CB is to the Force of 
any other oblique Stroke GB, as the %Sine Cb is to 
the Sine Gg. 1'hc Computation ot the Quantity of 
the i*ofce of each Stroke on the Point B, fuppofing 
that of AB = 1000, here follows. Let the Angle 
CBE = 58** 30', and the Angle GBE = ij^'. 

Then fay, as Radius > lo.oocoooo 

Is to the Forccx>f the"! . t> ,^^^ , ^^,..x.s^>^ 
Parpen, Stroke— S ^B =1000= 3.0000000 

So is the Sine of ? rni? _rQOo/^' ^ n 00 r-i-,^^ 
the Angle— tGBE=iS 30 =: 9.9353:^04 

To the Force of the;) ^ . ^ 

Stroke in the Ob-> CB = 861.7 =^ 2.9353204 
liquc Pircdioa J ^ u -i .- ■ 

^en comparing Oblique Forces^ fay ; 

As the Sine of the 7 poi? _ ^co .^< « ^. /-. 

Angle — — 5 ^^ = ^^ ^^ = 9-P3i3204 
IstotheSineof the? ^TjTj,^ .^o _^, ^ic - o 

Angle f GBErr aj oo = 9.6255)483 

So is the Force of -^ 

the Stroke ip the > CB = 861.7 = ^.9353204 

DirciSjoq J , .-..,.,— 

To the Force of the v 

Stroke in the Di- C GB = 422,6 =: a.6359483 

rpc^ion • p- ^ 

X-1 a ; . Whence 
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\\ hcrcc the Forces of ^^c Strokes on the Ppint B, 
in the Pircaions AB, CB, aad QP, ?rc in the Pror 



puriii>n oi' tb^ lSfuiiat>prs locp. bOl.7, 
cr ncaily s.sthe "Nqnaibers 10, 8, 4 



and 42^1$ \ 

And luch \vi)l \>t the JPropoftiQn of ^ Qpaatjty pf 
W ind or Waf.<^r ANOK ftriking agaioft any Pl^in in 
a Right Vofition, '^ AK, ^pd the Oblique Pofitiona 
n, r.r GM^ ^^ is evident by the bare Infpcdtion of 
tilt ii reccing Scheme j that is, the §idcs AK, H|, 
L\], aicas 10, 8, 4> P^^- 



(// the Dejcent of heavy BAdies on />- 
cTtrnd Flat7€s. 

Caf€ I. 

rT'-^H AT is a^ 
I ir^clined Plane 
vshich makes an Ob- 
liqa*: Angle with the 
Itor'/j>n. As the 
rUr c AH, which is 
inciiiitd «:o the Hori- 
xry^ lie, in the Ob- 
lique Angle ABC; ^- .,.^.^...^. ... .. . . .-^._ 

tl)c Length of the H ^ 

Plane is AB, and its Height AC, and its Bafe BCj 
v\hich together conftitute a Figure of aRiffht angled 
' i riangle i whence the Calculation of the Nft)tipps ^nd 
Powers of Bodiesdefcending, or abiding an-incli^i^d 
Plane, becomes the immediate Provipce of tjic |iaift 
Trigonometer. 

I. By the Writers of j^Jepbanics, 'tis demonftrated, 
Tfeat it any Weight or Body P, be foftained on an 

inclined 





Jp^lifid to MechankS' a<$5K 

* . ■■ t — ■ 

inclined Plane AB, by any Power P, f^ that it re-? 
t mains Aquili brio; the Power P : is to the Weight 
^ of the Body D, : : as the Sine of the Angle pf* 
- loclination - AC : is ta the Radius AB, iq Cal^ the 

Pircdion Ai) be parallel to the Plane. 

C^e IL 

But it the Pirec- 
6i\oxi AD be' paralr 
Icl to the Horizon 
BC. the Jproportion 
wiilbe^asthpPcfw^ 

cr P : to Weight D, ^ _^ 

: : the Sine of the B (t, 

Inclination AG, : tp the Co-fin^ tbereof BC ; or • ^ 
the Tangent : to the Radius; 

IL 'Tis demonftrated, That the Celerity of a Bo- 
dy rolling down an inclined Flane : is to the Celerity 
of a Body falling perperdicularly, in the fame Time^ 
: : as the Sine ol the JiicUn^tion AC : is to the Ra- 
dius AB. 

III. 'Tis demonftrated, That the Time whcreiji 
the inclined Plane AB is paffed over : ia to the Time 
in which the.4^erp€ndiculari»njnthrp' : : as theRa* 
diusAB : to the Sine of t^e Inclination AC. 

IV. 'Tis demon- ^ 

ftrated, That if two 
Weights E. Fj hold 
each other in Aquilif 
brio, on two inclined .,_,,,.,^,,.,,,.,,,..,..,.,......^^ 

Planes AB and AD, fe"; "'" ' ' " 6 ' ^^ 

by a Line whofe Dircftion is parallel to the refpecftiv© 
Planes- that then the Weight E : is to the Weight 
FaJ : ^s the Sine of the Inclination of the Plane 
ADC : is to the Sine of the Inclination of the Plane 
ABC 

V. 
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V. *Tis demon- 
ftrated, That tf 
two Weights Ej 
F> hold each o- 
ther in AquilN_^ 

brio, OD two in- B r 

clincd Planes AB and AD, by a Line in a Dire^flion 
parallel to the Bafes BD of the inclined Planes ; that 
then the Weight E : is to the Weight F : - as the 
Co* line of the Incliniition of the flapc ABC : 13 to 
the Co-line of the Inclinarton ot the Plane ADC. 

' VL Lafh\ They demonftrate, That the Celerity 
acquired in the Point B^ by the Deftent of a Body or 
Pcndulam thro' the Arch of a Circle DB, : is to the 
Celerity acquired in B, by its defccnt thro^ any other 
Arch EB, • : as the Sine of § DB : is to tl^c Sirc of 
|EB. 

Thtfc fix foregoing and ufcful 
Theorem^ niay be found dcmcij- 
llratcd by all the Writers of me- , 
chanical Philofophy, asDr.Keii^'"^ 
Dr, Grav€pif:de^ DefagUlkrs and 
Hawkb££y Mr, Watts^ Motte^ ^, 
which wouid have been quite be- 
lidcs my Purpole to have tranf- 
cribcd here ; the Part of Calcu- 
lation only is locumbenUupon fiie^ 
and that fhall difcharge, by giving an Inftance of the 
Method by an Example in each ot the foregoing Tbe^ 
crmis \ and this the rather^ as I have not Iccii it dqnc 
lo generally by any other Hand, ' 
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. Theorem I. t9;tmfVtfiii ^ Cafe I. 

I. 'U/ha\ bowery is fufficiem tofufiaifTa Body D 
wighifig I ix^PmndSj en a ^Jarie AB ivclimd to tb$ 
Horizon BC, in an Jngle ABC = 37* 30' ? fay ; 

As the Radios -— - • — — r?. : icococooo 

'"^a.fi^' — }aBC= 37'3i-' - ^754447. 

Therefore 6p Pound ia fuffielcii«6 raife the Body 

D = 112 Founds on %,Flanc of thftC Inclination. 

■ • ",i -■ '» -^ ''^^' 

IL What W^igbtTX may bsfUft^^^ 
= 00 bounds. M 4vlane wMi ^fimion AhC a 
8i«i3' «* 

Is to Radius , ^.v -. /v .V "" ; W.COpOQO© 

So 18 the Power ap= 7 li ' _ «n — . . /»« w<, — 

^ pUcdat— . X :,;.t.,Q,9?,.= iP^^^ 

To the Weight Aat't W 1 ,-„ ^^'iv^, 

.-: .•Sbth«'wh«a tWtncijnat4en'?»'l?>'far^^' a mig^ 
of 100 lb. will require above P5> lb. to move it. 
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III* Snppofi the Isomer P = I i ^ouud, fujaws a 
Jftight D =^ 5 Hundred fVeight^ or 560 ^Pom/ds^ on 
an indti^ed ^Plam^ ^m^hat is $h Xnclwation cf that 
^Platie ? Say thus ; 

As the Power applied at ^— P ~ 1.5 = 0,1760913 
Is to the Weight it fuftains — P = 56o= 2.7481880 

So is Radias -^^^ 10.00C0OCO 



Hence a Vhx\(t may have aa tnclinatioQ lb very 
fmall, that the fmalleft Powfcr may fultain or muve 
the greateft Weight thereon. 

Theorem I, Cafe 11* exempli^ed, 

tet t htfirfl ^m\lion in th efirfi Cafi U here refoked^ 
in order to fie th^ Diffennce. Therefore fa-y j 

As Radius '-^ • ■- ■* * • *- ^ ■ icoooocco 

'nhelnSS "' }aBC=57" 30- = y.884980, 

So is the Body or Weight — D ==; iia = 2.0492 180 

TTo the Power that will 1 p ' r,' , „,„„«,, 

iSo that m this Cafe there is fcquired' 17*0 Pounds 
more to move th&Wei^t D thaaria tho folder Gafe. 
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IT. 7ofee tht Difference between C^fi I, andW^ in 
thefecond ^uejion^ fa^j 

Is to Radius • • • ■ lo.oocoooo 

So is the Power applied at — P =: pp = 1-9956332 

To the Body or Weight at t) = 14/0 = 1.1498091 

Hence it appears, that the Power P will not fuf^ 
tain one feventh Part of its own Weight on that 
Plane ; nor will it fopport its own Weight if the In- 
clination be above 4^. And therefore a Plane In this. 
fecond Cafe, can be ufeful only in an Inclination un- 
der 45 Degrees* V 

IIL There is little or no Difference in the RdulTof 
the third Queftion, by this or the former Cafe ; be- 
caufe the Sines and Tangents of very fmall Arches 
are nearly equal. When it appears that an inclined 
Plane is abundantly more ufeful in the £rit Cafe than 
in the Second. 

Theorem IL exemplified. 

Suppq/e a Body falling perpendicularly in 5 Seca^/ds 
c/'fimey acquire 100 Degrees of Velocity^ how many 
Degrees cf Velocity will it acquire in the fame Time by 
defcending on an inclined Plane^ wboji Angle of L/ch^ 
nation is 30 Degrees ? fay ; 

Mm So 
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As Radius — ^ lO.ooocxDdD 

Is to the Sine of the Inclinatioa 30i*= 9.65^85^ 
So the Velocity in the Pcrpca- 7 ^oo = 2.000OOCX) 

dicuiar ■ ■ 3 



That is juft half the VHodty in the Perpendicu- 
lar. / 

Thus, if the Velocity on the Plane, andf the In- 
clination be given, the Velocity in the Ferpcndicolar 1 
may be found. I 

AHb, if both the Velocities are given^ the Iiic& ) 
nation of the Plane is thus caiily found. 

Theorem III. exemplified^ 

Suppcji a Body defcend ^Ir^ an inclined^lane^ wbo/i 
inclination is yf 50', in 16 Seconds ofTtmCy in bem 
many Seconds will it fall from the Perpendicular Htigbt 
rf that Planet Say thus j 

As Radius — — — ^— - lodocxxkx) 

So is the Time of the De-7 .^^ ^ , ««..,„«« 
. foeocintheFkne > ^^ =* 1.2041200 



I. 






And thus majr the two other Cafes of this TheoM 
tern be folved. 

^cQiefii 
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Theorem IV. ^x^^/>/jffi#. 

Sappofh the hclwatiovsaf the two cotiipnits <?/*»«' 

AB an4 AD, ww ABC = 32° i4';;S»rf ABC=' 

43* ay ; <»»<^ it were requiird tofinU the fFefgbt of the 

^ Body F, phi9h on fie Tfatte KUjhallfttftain or move 

\ the Body E on the ^Plane ^B, weightn^ 465 ^oands ?. 

As the Sine of the 7 . nz-i • . n /• 

Jnciination ^~ f ^^ = 43* li* =« 9,S37i4i<5 

Js to the Sine of the I .Tir' - o , ' - ' 

Inclination __ }■ ABC = 32" 14'= p^aroa;*. 

So is the Weight of the Pody £=465=: 3,667454$? 

To the Weight of the 7 u < 
Body rcquirc4 — J *^ = 360 = 1.5372345 

And thus for any otljcr of the Cafes of this ThtO'' 
rem. 

Theorem V. exemplified. 

, This is hat as it were ajicmd Cafe of the lafl' apd 
therefore^ to fee the Uifferente between them, let fM 
Exampk there he here again refolved. Saying, 

As the Co-fine of V « « ^ _. -,, ,,, 

the Inclination j" ^^^ " ^ 46 = 9'9^7iioi 
Is to the Co-fine of 7 r»A/- .^ ^, ^ 

the Inclination J ^^^ = ^'^S = p.86n(5o8 
So is the W'eight of the Body E:^465=: 2.6674529 

To the Weight of the 7 « "~ 

^dy — — - J" *• =400= 2.6013034 

Mm a Whcnc» 
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Whence it appears^ that in this Cafe 40 Founds 
more is neccflary, than in the Cafe of the laft Ihe^ 
um^ to fufpe&d the Body E in Eqailibrio, or to 
move it. And therefore the Pulley A ought \o to he 
placed, both in the Hngle and double inclined Planes^ 
that the Line coming from the Body over it may be 
parallel to the Plane. 

Theorem VI. exemplifed. 

Sttppofe the Jrcb DB = 40^, and the Jrcb EB = 
icc**i and that the Pendulum defcends Jrom USQ B, 
and thereby dees acquire 15 Degreej of Velocity in B; 
qucre, hovi) many Degrees of Ve/ocity itwillhavelifBy 
hy falling thro' tte Arch EB? Say thusj 

As the Sine of \ DB. = lO** rr SfSi^SH 

Is to the Sine of i EB = j6^= p- 8^42540 

So are the Degrees of Ye- L ' 
' locity acquired by de- C DB= 15= ^^^7^o^\^ 
fcending thro' • ; % 

To the Degrees of Vc-) 
locity acquired^byde.y EB==33 \^j^ hS^6%^S^ 
fcending thro* • -j ., 

That is, it will now be above twice as fwift io B^ 
a* before. 
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Tflt refrefent the Times^ Vehchies;^ avd 
Spaces pnjjed thro^ by jailing Bodies^ 
hj^ the Parts oj Righj^apgled triangle^ 

LE T A be the Time in 
which a Body begins ta 
fall, and Let AD be the firft 
Minute, AE the fccpnd M^** 
nutc, AF the third Minute^ 
Be Then Ihall the Side Dd 
be the Velocity acquired at; 
the End of the firft Minute, 
Ee the Velocity at the End 
of the fecond Minute, Ff the 
Telocity %t the End of the 
third Minute, ^c. J^aftly^ The Triangular Area 
ADd^ will reprcfent the Space^aiTed thro*- in the 
firft Minute, AEe the Space palled thro' in the fe- 
cond Minute, AFf the Space pafled thro' in the thirA 
Minute, ^Qs And thus if AC be fix Minutes, ihc 
Side CB will be the Velocity, and the Area AGB the 
Space pi^cd pvec at the End of the lis Minutes. 

Fron* hence 'tis evident, that the Velocity of a 
falling Body is always proportionate to the Timej 
for as the Time AD : is to the Time AG : : fo is 
the Velocity: or Celerity Dd : to the Cekrity CB; 
and therefore the Motion of falling Bodies is a Mo^ 
tion eqaaily accelerated, oiiequally increafed in equal 
Times. 

Hence alfo the Spaces gone thro' from the Begin- 
ning of the Fall are as the Squares of the Times ; 
for the Area ADd, the Space gone thro'' in one M i« 
nute^ : is to the Area ACb, the Space gone thro' at 
the End of fix Minutes : : As the Square of the 
Time AD 2 is tothe Square of the Time AC; Hence 
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^hc Spaces increafe according to the odd Numbers^ 
1% 3% 5» 7i 9i 1*1 y^- All this 13 evident from the 
Nature of a Triangle itfclf. 

CHAP- VII. 

Plain Trigonometry applied to Survey-? 
ing, or Me a fur tng of Land \ and alp 
of other Flai^ Superfcies. 

IN Surveying Land, the Inftruments in commofi 
Ufe are the Semicircle, Plain Table, and Theo- 
dolite for taking the Angles , and a FrotraAor^ or 
iplain Scale, and Cpnipaflcs for Plotting or Delinea- 
ting the Dimcnlion ot the Field on Paper, in order 
to reduce it to Triangles, and thereby to find the 
true luperficial G^nteiit or Area in Acrts, Roods, 
pd Poles. 

' I ihall here exhibit fonie of the beft and moft ufuat 
Methods for taking the Plot of a Field, and then 
ihew how to find its Area ; which may be as fuffici- 
cnt for the ingenious young Artiil, as fomc largef 
Trafi: wherein abundance is often faid to little Pur- 
pofe; iincc a Word to the Wife is enough, and there 
18 no making a Silken Purfe of a Sow's Ear when a 
Pcrfon has faid all he can* 
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L To take the Plot of a Field at one Sta-^ 
tion in any Fart thereof ^ rj^heme all 
the Angles may befeen^ 




IMAGINE ABCDEFG, to be the Field whofe' 
Plot you are to take. Having order'd Marks td 
be fet up at each Angle, and chofen a proper Place 
at T for your Station, there fet up your Plane 1 a- 
ble (for thatisthemoft ufual Inftrument and an- 
fwcrs the Purpofe of a Semicircle or Theodolite) 
and turn it about till the Needle hang ovei* the Meri- 
dian Line of North and South in the Chart of the 
Compafsj there fcrew it faft on the Ball and Socket. 
Then dircd yo4r Sight to the Aiigle A, and obfervc 
vvhsit Degree id cut by the Index on the graduatd 
Edge ot the Tabic, which you'll find to be 45 i^ 
Then meafurc the Diftance Irdm T to A^ which is 
five Chains and 90 Links ; which note down in yoot 
Field-Book 5 then {>roceed doing the like by all the 
reft| until you have tbuod the Quantity of the Angles^ 
<nd Diftanccs froai your Station T to each Ajgigle re^ 
ipcdively, yomt Work being fioiflied will ftadd ,a« 
toltow#. The 
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{ Dcg. Min. Ang. 

14/ li'-A 

tityorthe<»5° '5 =^ 
Angles arc i i7«> '5 =^ 

ai3 30 =E 

268 30 =F 

V302 15 =G 



r Chains Lihb 



i -"^« JLoni 

TheQpan- B =7 g 

tity of the I C — « 

Dmaoccs < n ~" ^ 40 

from T to f ^ = 5 JO 

the Angles. E =13 cq 

F =10 70 

lG = 6 60 

II. To take the Dlmenjion of a Fields at 
one Station^ in any one jungle thereof ^ 
lohence the others may be Jeen* 




SU PPOS E ABCDEFT, the Field whofc Plot 
and Dimenfions you are to take; then having 
chofen your Staticm at the Angle T, whence you 
have a plain View of the reft^ there fct op yoxa Ta- 
ble, adjafHng it to the Meridian, and direding year 
Sight to A, obferve the Degrees cut by the Index on 
the graduated Border, which are 7^0; then^meafare 
the Diftaricc from T to the Angle A, aiKi you'll 
find it to be eight Chains j do the like by all the other 

Aagle* 
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Angles and Diftances, and entering the Dimenfions 
of thus taken, the Work in your Kcld-Book will 
fiand thus. 

r Chaim 



r Deg. Min. 

I A= 76 00 

TheQaan-l B=II4 oo 
tityofthc c==I(J3 ,^ 

E=a45 <» 
VF=a84 30 



The Dif-|A=s 8 
tances JB= O 

from thc'p ^ 

TabeT 't\r- ^° 
tothcAn-;l>= 7 
glet. E= 10 



Unk» 
00 

50 

40 
00 

20 
80 



IIL To take the Plot and Dimenfions of 
an irregular Field . at two Stations, 
nohence all the Jbgles may hefeen. 




LE T the Field bcthc Figure AB(a)EFGHIK, 
b which haling chofe your two Stations at T 
«ad X, and {daoed Marks in all the .^Ica; then 
ia T fct op ^Qur flam taNc, aqd adjott £e Needle 
Ka to 
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to the Meridian Line ; and dircd the Sights to all the 
vifiblc Angles EFGHIK, note down the Quantities 
of each, and alfo the Diftanccs thereto, in your Field- 
Book. This being done, direft your Sights to the 
fccond Station at X, and note in your Book, what 
Angle it makes with the Meridian, and with it fct 
down the Diftancc between the two Stations T and X. 
Then remove your Table to X, and there fix it, 
with the Needle over the Meridian Line of the Com- 
paft ; here take the Quantity of the remaining An- 
gles A BCD, and your Diftances from X to each of 
them, and having noted them down in your Fidd- 
Book, your Work is finiihed, and will ftand thus. 



r Ccg. Mn. 

[E=:I45 CO 

The An-lF~i67 00 

:H-320 30 

11 = 38 30 

lK- j4 00 



i 



on< 



r Chains Liob 

The Di- I E= 8 30 

ftanccs I jr_. jQ 

from the j p ^ 

Station T^ „— 6 

to the An- ' "■= O 

glcs 1=9 



10 
00 

90 
70 
60 



Here the Iccond Station is at Right Angles to the 
Meridian of the firft Station (and whatfocvcr the 
Declination of the fecond Station irom the Meridian 
be, note it down.) The Diftance ol the two Stations 
TX is 10 Chains, and 50 Links; the Obfcrvations 
at the fccond Station ftand thiis. 



The 

glCi, 



r Deg. Min. 

jK-309 CO 

An-JA= 15 -- 
^B= 69 



lD=::r5 



96 



00 
CO 
00 

00 



The 

from 
to 



xi B = 

Jg== 
Id= 



Chains Links 



6 

7 
6 

11/ 
S 



50 

CO 

ao 
So 



After this Mianer 70a proceed wiA three or 
^ TO^rc Statidto, wheoffeecxtraoiFdiMry {iargeaeis of 
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j the Plane make more than two Stations neceflarv, as 
f that of Champain-Ficlds, large Heaths and Com- 
; mons. 

IV, Tb take the Plot of a Field by gohg 
round the fame. 



LET the Field 
be reprelented 
by the Scheme AB 
CDE. At the An- 
gle A (et up your In- -A/ 
ftrumeat, and laying 
the Index on the Di- 
ameter, turn it about 
till thro* the Sights 
you fee the Angle ^ 

E; there fix it faft, -P 

^nd turn the Index about to the Angle B, and ob- 
ferve the Degrees cut thereby, which note in your 
Book ; and then remove your Inftroment to ]3, where 
do the like, and afterwards at the An^CdC, D^ anii 
E; .ahdas you go roupd meoifurc the Sides AB, BG- 
CD, DE and EA. ^ Which being all orderly fet" 
dcrvmjQ your Book, ^t will jUamd ^ ipllows. 







A=120 

D=i2a 



.OP 

30 

CO 



r 



-^'^'"^ilu^ 



Chains Linkt 

A B= p 60 

II ao 

8 70 

II 80 

7 5P 



lEA= 



N 



Q a 
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V. To take the Plot of a Field, ^hhh 
you cannot approach tOy at two Sta^ 
tions. 

LETABCDEFbc^^V 
a Field lituatc on 
the other Side of a Ri- 
ver from you, and con- 
fcquently to which you 
cannot have Accefs, and 
yet you arc required to 
take the Dimenfions 
thereof: in any fuch cafe 
proceed thus. 

Chufe any two Sta- ^^^^ _ 
tions, T and jS, whence ^^f H/T^ 
you can difcern all the \ \ H/ X 
Angles of the Field, Vii//' ^^ 

and fct up your Tabic rjjfT ^JiJ 

in T, and take (aa be- lOC ^^ 

fore diredted) the Quan- 
tity of the Angles fubtendcd by each Side of the Field, 
by direfiingtne Sights to the Angles A, B, C^D^E^ 
and F, fucceffivcl j, and note them down in your Field- 
Bc)ok 5 this done, meafure with your Chain the EKftancc 
to the other Station X ; and there fet up and fix your 
Table, and take the C^antity of the Angles at tlus 
Station, as before you did at the other, and note them 
down in your Book dfb j and thus your Work being 
done, will Hand thus. 
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r Deg. Min. 

The An.|^=40 IS 

glcs froin|B= 55 ^ 

The firft <<-= 77 00 

Station at •' D^ p3 00 

T, I E= 02 00 

'v.F= 56 00 



r Deg. Mia. 

The An- ! A= 82 30 

glcs from I B = 5^ 00 

the fecond C = 68 30 

Station at , D^ ^q 3^ 

^' 1 E= 58 CO 

VF— 70 00 



The Diftancc between the two Stations is 154 
Chains. 

VL To delineate on Pafer the Ohferva^ 
tfons taken according to any of the fore- 
going Methods ^ and thereby to form a 

, Ploty or Map of the Field. 

IF you meafurc with the Plain Table, then a Field-* 
Book is necdiefi, becaufc you. may very neatly 
fix a Sheet of white Paper on the Table, by means of 
the graduated Border, which you take offandputoa 
again with the Paper under it, faft fix^ to the Table; 
now on this Paper the Meridian Line is firft to be 
drawn, and then by direSing your Sights to each of 
the Angles, you draw the Lines TA, TB^ TC, Sc. 
(in the firft Method, for Jnftance) indefinitely, with 
a Pendl; and on each of which you fet off the Di- 
ftance you meafure from the Tabic thereto, as five 
Chains and 50 Links from T to A; then fcven 
Chdns and 80 Links from T to B, and join the 
Points AB, fo you have plotted one Side of the 
Field J then fet off 9 Chains and 40 Links from T 
to C^ and join the Points BC, and thus you have 

plotted 
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plotted two Sides of your Field AB and BC; after 
the fame Manner vou proceed to plot ofi'all the other 
Sides Cr>, DE, Et^ FG, and GA j and thus is the 
Hot of the whole Field delineated before you go 
out of it, on the Table itfclf. 

in this Manner a Plot of the Field is delineated on 
the Pl.iin Table, according to the fecond Method j 
and alfo according to the third Method, by carefully 
laying off I he Diftancc of the Stations TX, in the 
due Angle of its Declination from the Meridian; 
thus alfb you plot the Sides of the Field in the fourth 
Method us you go round it. But in the fifth Method 
there being no Diftance meafured, you muft draw 
the Lines TA, TB, TG, ^c toa fufficient Length, 
at the firft Station T ; and then at the other Station 
draw the Lines XA, XB, XC, ^c. till they inter- 
fcd the former Lines in the Points A, B, C, Qc. 
then joining thofe Points of Interfedtion, you form 
the Sides AB, BC, CD^ Sc and confequeqtly finilh 
the Plot of the Field. 

If you furvey with another Inftrumcnt than the 
Plain Table, as the Theodolite, Circumferentor, or 
Semicircle; you muft then have your- Field-Book, 
therein to \tt down the Dimenfions of Sides and 
Angles, as in the Eicamples of each of the forego- 
ing Methods. 

Then in order to delineate the Plot of the Field, 
according to thofe Ohfervations, ) ou muft take a 
clean Sheet ot Paper, and on it draw the Meridian 
Line, as MN, in the firft Method. Then take a 
Protradtor, and fix the Center on the Point T, and 
its Diameter on the Meridian Line MN; then by 
the graduated Limb of the Protradlor, make a Pdnt 
at each of the Degrees and Minutes marked in yout 
Book, as at 45* 15', 11^ 15', 150^15', ^c. and 
thus Ihall the Points A, B, C, ^c. be dcfigned oii 

the 
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the Paper; having 'laid off the Quantity of all the 
-Angles under i8o*, you may either turn the Protrac- 
tor, and mark out the Points for the Angles betwcca 
180^ and 360""; or you may let the Proiractor bide 
in its firft Pofition, and draw blink Lines below the 
Diameter, accprding to the Quantity of the Angles 
in your Bode. Having done this, remove the Pro- 
trador, and thro' the P<:)ints A, is, C, &c. draw the 
Lines TA, TB, TC, &c. and -on the faid Lines lay 
off the Lengths in Chains and Links, as in the Ta- 
ble, viz. 5 90 from T to A, 7 80 from T to B, ^c. 
on each::, of the other. Laftfy^ Draw the Lines AH, 
BC, CD, Sc and thus the Plot or Map of the whole 
Field is compleated according to the fir It Method. 

And any one who undcritands the Pradicc of 
Plotting of a Field by the Protraftor, in the Manner 
taught in the firft Method, will eafily do ic in any of 
the other ; efpecially if what is faid in liotting by 
the Plain Table be well conlidered. 

2V". B. That if your Plain Table have not the 
Compafs, or not a good one to he depended on, you 
cannot xnake ufe oia Meridian Line : bpt inftead of 
tiiat you muft lay the Index on the DiaiiKtcr of the 
Table, and then turn the Table about till thro' the 
Sights you *lpy the Angle A, there fix it fait ; and 
then dired your Sights to the other Angles feverally, 
and meafuring to each the Diftaacc from the Statiua 
T, you may plot it off as before taught. And iu- 
deed this is tnc raoft infallible Way, and in whhh 
you cannot be wdl miftaken, unlefs .by any Errors ia 
the Quantity of the Angles -and' Diflanccs, which 
ought to be very <:arefu!ly me^Cuxcd. 
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VII. T(9 reduce a Mult angular to the Form 
of a Triangle of equal Area. 

! O do this readily in Pradicc,;^ou ought to 
j^ be provided with a good Parallel Ruler; or 
in Want of that, it may be expeditioufly done by 
the Geometric <^roh. VI. The Method of pcrform- 
bg this moit ufeful Fropofition is as follows. 



T 




Let ABCDE be the Multangular Figure to be re- 
duced ; then, having continued the Side EA to F, 
lay one Side of the Parallel Ruler to the Points AC, 
and opening it to the Point B, draw Bb parallel to 
AC, and cutting EF in b. This being done, lav one 
Side of the Ruler to the Points bD, and opening it 
to the Point G, draw CF parallel to fa£),.and cut- 
ting E A produced in F, join FD; dien Ihallthc 
Triangle EFD, be equal to the firfi: Multangular 
Figure ABCDE 

For the Triangle baA = aBC, therefore the qua- 
drilateral Figure bCDE = ABCDE ; and bccaufc 
baE— aCD j therefore the Triangic EFD=ibGDE=s 
ABCDE. 



^/ciL.^' 






/ 
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The Rcafon and Dcmonftration of all this is evi- 
dent by InfpcdHon of the Scheme to any one who* 
undcrftands the Geometrical Theorems IXth and Xth 
at the Beginning of the Book. 

VIII. To Jind the Area^ or Superfctal 
Content of a Fields in Acres ^ Roods 
and Perchesy or Rods. 

rnpHlS mzy be done two feveral Ways; Fir^j 
I 3y reducing the Plot of the Field into a, Tri- 
angle equal thereto, as taught in the lad Propolition. 
Or, Secondly^ hy dividing or reducing the Plot into 
feveral Triangles fwhen it cannot be conveniently re- 
duced to one) by drawing Diagonal Lines from An- 
gle to Angle. 

Example (f the firfi Method. 

Sappfe the Figure {in the Scheme to the laft ^rop.J 
ABCDE were the ^PJot of a Fieldy.whofe Contetit was 
to be found. In the firfi ^lace I reduce it to the equal 
triangle EFD ; then by thefi^me ^lain Scale^ by which 
tbe^ot was delineated^ Imeafiire the Bafe^ or great eft 
Ude i)F, and find it to be 73 Chains and 50 Links ; 
imd tbe^Perpenaicular Height Ee, 13 Chains and 40 
JJinks. Wiiexstbre to find the Area, 



6 Multiply 
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Multiply the Bafc73 Ch. jo Links=73^o Links. 
Bj half the Height 6 Ch- 70 Links =6;o L inks^ 

514500 
44100 



4^.2450) 

4Rooas!=n Acxtf 



0980 

40 Perch = I Reod 



The Produdk is Acre* — 

Roodd — 

Perches ■ 3.5)200 

Acs. Rds. Per. 
l^hc Conicsnt thcnof the Field ABCDE is — 49 : 00 : j 

jin Example of the fecond Method. 

Let the Figuie ABCDE 
be the Plot of a Ftcld; 
draw the; Diagonals AG 
and AD ; then is the Plot 
reduced to the three Tri- 
angles ABC, ACD, and 
AUE; let fall the Perpen- 
diculars Bb, Cc, and Ee; 
now ACxfUb, or BbxiAC 
p=Area of the Triangle A 

T^x^ m , EcxCc . _^ 
^ BC. And— ^xAD,Qr 

EcxCc x|AD=iArca of both the Triangles ACD 
and aDE, to which add the Triangle belore found 
ABC, and you will have the Area in Acres, Roods^ 
and Perches of the whole Field ABCDE. 

N. B. The Rcafon whjr in the foregoing Opera- 
tion, there was cut off 5 Fruits, tothe Right-Iland, 
of the Produia of Links, is becaufc loooco Square 

Links 
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Links IS an Acre; and therefore looocc) 4924^00 
(r=40.2^S Acres, and Decimal Parity. To under* 
ftand how looobo Square Links is a Square Acre, 
you muft obfcrve, that every Chain is ^4Rods=ico 
Links; and that 160 Square Rod =one Square Acre; 
divide therefore j6o^ the Square Rod in an Acre^ by 
i6j the Square Rods in a Sjjuarc Chain, the Quo- 
tient is 10, the Square Chain in an Acre* But every 
Square Cham=5=ioox;ioo=ioooQ Links, and loccox 
10=100000 Links, J51S atx>v^. 

From what I have delivered in this Chapter, 'tis. 
cafy to conceive how the Superficial Content or Area 
of any Right-liqed Figure maybe known 5^ the Me- 
thod being the fame, the Dimenfioos only are to be 
confidcred as Rods, Yards, Feet, Inches, &c. 

CHAP, VIII. 

Plain Trigonometry applied to Altime* 
try, and Longimetry ; or the Meafu^ 
ring of Heights J Depths^ and Dijian^ 
cesy both AcceJJihle and InacceJJibk. 

' A Ltimetry is the Art of meafuring the Altitudes 
u\ or Heights of Objeds j whether they be Ac- 
cellible, or fuch as we c^a approach unto, in order 
to mcaiiirc from the Foot or Bafi3of the Ob j efts; 
or Inacceilible, that is fuch as we can by no means 
come at, by reafon of Water, or other Impediments. 
Alfo the Meafuring of Depths is hereby underftood 
and included 

o o a I. r# 
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I. To mcajure the altitudes of Objects 
udcceffibk. 

Q U P P O S E the Height of the Tower AC, were 
l^ required ; in order to take it, you need only mea- 
fure lomc convenient Diftancc from the Bafis thereof, 
as trom A to B, which fuppofe to be 350 Feet ; then 
at B rake with a Quadrant, or other graduated In- 
ftrument, the Angle ABC^ fubtended by the Height 
AC. Hence you have given the Side or Bafe AB, 
and the Angles, in the Right-angled Triangle ABC, 
to find the Perpendicular, or Efeight of the Tower 



Suppo/e then the Jngh 
at B were found hy Ob^v 
vationtobe ^o^ 30'. ^en 
ly Cafe I. of Right Tri^ 
ang/esy fayj 

As Radius • — — . — lo.oocxDcoo 

Is to the Side or Diftancc AB = 350 = a,i44o68o 
So the Tangent of the 7 . X3r» .^a « / ^ ^ o 
Angle •— |ABC=4o<'3o= P-PSHpSp 

To the Perpend, or^ 
Height of the Tow* > AC = agS.p =^ M7SS^^9 
cr, as required j 

Thus a!fo you may find the Diftancc of yoiirBye 
from the Top of the Tower, or the Vifaal tine BCL 

n.T0 
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II. To meafure the Altitudes of OhjSs 
inacceffthky ^hkh ft and on the Hori^ 
zon. 



Suppoji AC to hi 
the Ohjeity wbo/i 
Altitude or Height 
you would know^ 
but cafwot approach 
fiear it^ to meafure 
Jrom the Foot of it^ 
by reafon of a large 
Lake or ^ond P in^ 
tercepting all Ac* 
cefs. n 




IN fuch Cafes, proceed thus ; meafure from D to 
B, which fuppofc you find to be 155 Feet Then 
at B take the Quantity of the Angle ABC, fuppofc 
57* 30' ; alio take the Angle ADC, fuppofc you 
find it 41* 30', Then you will have given, in the 
Oblique Triangle BlXl, the Side BD, and the An- 
gles 5 and therefore by Cafe I. of Oblique Triangles, 
you will find the Side BC to be 372.8 Feet, thus j 

As the Sine of the Angle BCD=i6*co = 9.4403381 

Is to the Side BD=iJ5= 2.15)03317 

So is the Sine of the Angle BDC— 4i''3o'= 9.82 1 2646 

To the Side -T- rrrr BC=372.8= 2.571258* 

Thca 
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Then in the Right-angled Triangle ABC, there 
b known the Angles, ^nd the Side or Hypothcnirfc 
BC ; whence by Cafe HI, there will be loand the 
perpendicular AC, pr Height of the Tower thu«; 

A» Radius — iojX)otxxx) 

^^ } AC=3i4.a= a4P72874 
And now alfo thp I^ftance BA maj bp found. 

III. To meafure altitudes of ObjeSis in-i 
accejjihlsy and fituated above the Hori» 
zo», as on a Hilly 6Cc. 

I^t FG (in the follmtiing Ftgure) he the hutcceffihU 
Obje0y Jfitaated on the Top ^ the Hill AGH, whojf 
Height is reqtured to befwnd at fbc 'ffacc B\ to£nd 
^hicb proceed thqs i 



To the Altitude of the 
Tower — 




Ar 



\ 
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At B take the Angle ABF and ABG, and 
fuppofc you find the firft 47^ 45', and the lat- 
ter 30® 30' ; then mealure the Diftance from B to A, 
which let be 175 Feet. Laji/y^ At A let there beta- 
ken the Angle FAF=6a® 30° fuppofc, and the An- 
gle PAG— ^6** 30'. Then 'tis evident there are two 
Oblicjue Triangles ABG, and ABF by this mcana 
conftituted ; in each of which there is given all the 
Angles and the common Side BA> 

From whcncey in the firft T^riangle, there may tc 
found the Side AF ; as in the laft Exampl •. 1 hen 
in the Right-angled Triangle PAF, there is known 
the Angles, and the Hypothenufe AF, whence the 
Diftance AP, and Height of both Hill and ToWcf 
together PFv may be found by Ca/e III. Then in 
the Right-angled Triangle APG, there is known 
the Side AP, and all the Angles; whence by CqfeL 
we can find the Height of the Hill PG; which lub- 
duft from the Altitude of both Tower and Hill (be- 
fore found) PFl and there will remain GF, the 
Height of the Tower fought* All this is fo clear; 
as to make Examples, for every Step, unneccflary. 
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IV. to take the Altitude of the Sun by 
the Shadow of a Staff. 



..-•- 









40 



B 70/, 

LET ST be a Staff of 40 Inches length, erec- 
ted precifely on the Plain Superficies DT, the 
Sun ihining thereon j obferve how far the Shadow 
thereof is projeded, fuppofe from T to D 70.7 In- 
dies: then in the Rjght- angled Triangle DTS, 
(made by the Staff ST, the Shadow TD, and the 
Solar Ray SDJ there is known the Perpendicular 
ST, and the Bafc TD, to find the Angle at Bale 
TDS, byG^lV, thus; 

As the Bafs, or Shadow, DT=70.7=s 1.8494180 
Is to the Height of the Staff TS=4o= i.6oao6oo 
So is Radius . .. ■ ■ ■ 10.0000000 

To the Height of the Sun TDS=ap'' 30'= 9.7526420 

And thus may the Son's Altitude above the Hori- 
zon be foaad at any time very oify and readily. 



y. ^j 
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V, By knowing the Length of the Sha^ 
dow of any ObjeSiy to determine its 
Height. 

LET P be the Pinaclc of any Tower, or the 
Summit of any Objeft, and let its Shadow be 
projefted to T, in the very Extremity of the Sha- 
dow T, fet a Staff, as ST, truly upright, and ob- 



I 




fcrve the Length of its Shadow TB. Now the Tri- 
angles BST and TPD being fimilar to each other, it 
will be BT : ST : : TD : DP. But the three firft 
Terms arc known, and therefore the fourth DP, the 
Height of the Object, will alfo be known. 

Longimitry. 
Ltwgimetry is the Application of ^laifi Trigom-' 
iftetry to the Menfuration of the Diftances of remote 

P p Objcaa 
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O >jcfts; and tl)ofc likcwiib are fmcjj, fb^ic of >>hidj 
admit ol Acccf?, and fc^ne \yill not; y^ both Sorts 
arr cqu:illy withift the Rcaclj orLiiuiUof chis cxccl- 
Ic t Art. 

!. To nrafurs the Dtfiance of any remote 
OhjeH, ^^fpeffibh or Inflccejjflt?e^ af 
fwo Stations. 

fappofc aTfsrfiinat A "JDere Jejtreas to kuow the Di- 
Jiahcc of the Houft at H beyovd the Rizer a b j the 
Method Ibr fipding it is thus ; 



AT atjy copvcnient Diftarce ^om the Place Ai 
let there be fet up fome Mar|^^ lis at B; then ' 
with a proper iDftiumcntat A, find the Quantity of 
the Angle HAB!rr58**30' fuppofc; thttmca&rethc 
Pittance from A the firfl: Station, to B the fccond, 
which let be 175 yards- Laftly^ At B l^t the AQglc 
ABH be taken, fuppofc p^^ 30'. Thea ypu bjyc 
conilitutcd the Oblique-angled Triaogfe HAH9 
>vhcrcin there is given all t)i|^ Aitgics^ |LQ(|(lu(.Si4e 
AB, to Had the £ide AH, as id(b '(be i^dl^ S^} ^ 
Cofe I, of Oblique TflWJ^lM^^hus} 
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Is-fo'tHc^ide- -^-^ ^'^ MS^tys- 2,.a43<^3*'5 

To the Difiance -i-^' 2^-398.3= aiooiaS^ 

Hence it ippcari^ tfic ttodfV 4^0 YarJs, Of forn^- 
what I of a Mile i7om fft^ firft Sr^^tioh at A i a.iJ 
35)S Yards from tht fccond Su^ion at 15, 

II. To take the T^tftance hdu$i&}i tv)(r^ 
three i 6f »/ore remote ObjeBs. as Ships 
oh the iedj Towers or Spires in a City. 

Safpoft it U required to find the Di fiance between the 
fi0o renioti Objiffs A avd R ; af^d likewife hew far they 
dHfroinpn at G ot D, Proceed in this Manner \ 



q,. 



.'•*'-.A 







B 

Ppa A.T 



[OO 



Tlaln Trigonometry^ 



^f^^'^VT"^ 



AT D let there be taken the Angles BDG-=: 76"" 
30'; and ADCssjo^ 30'. Then mcafurc the 
Diftance from yoar Station at D to fome other, a^ C^ 
"which let be aco Yards ; thep at C, ta^c the ^glcs 
ACD=ic7^ 30; and BCD^' oq'. 

Bv this Means you have formed two Oblioue Tri- 
angles, ADC and BDC, in each of yvhich there arc 
Igivcn all Angles, the common Side DC ; when by 
Cajc I. there will be found fhc Sides CA and DA, 
the Diftanccfi of the Objeft A from the Stations D 
and C i likcwife there may be found the Sides CB 
and DB, the Diftances of the Objcft B from each Sta- 
tion. Then in the Triangle ACB or ADB, there 
are given two Sides, and the Angle included between 
them to find the third Side AB, the Diftanceof the 
Objeds from each other, by Cafe III. of pbliquc 
Triangles ; and according to what is given the young 
Learner, may calculate the faid Diftances in Yards 
at his Leifure, 

Again, fuppofe the 
Diftanceof three Ob^ 
jeds, C, D, E, were 
required from each 
btner, and from the 
two Stations AB. 
Now thefe may all 
yfc be found as before; 
for by your Inftru* 
ments, and meafuring 
the Side AB, have 
obtain'^d all the An- 
gles and ^ Side AB. 
m the Oblique Tri- 
angles ACB, ADB, 
AEBj whence the 
other Sides in each 
may be fqqnd as be-^ 
fore; and therefore 
we ihall haveia.tbe 
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Oblique Triangles EAC, DAC, EAD, two Sidca, 
and ixi Angle inqluded) given, to find the thir(l Side 
in each, vIt^. EC, DG^ ^d ED^ the Diftancea oftbc;^ 
Objc6U from each other rcipedkivcly. 

An4 thus may the Diftancies qf many remote Ob- 
jie£b be taken by a good Jnftrumcnt in taking and 
plotting the Anglc3 and,Sidcl3. 

IIL Being on the top afa Houfe^ To^er^ 
qr other high ObjeSiy tojindfrom thence 
the Altitudes y J^epthsy and Dijtqnces 
pf ObjeSis on the Horizon^ 

Suppofefrom the Top of the^onaet PA, ns^hofi Height 
is knowni rou behold at a Di fiance the ObjeH hC^ 
yubofe Dijlame PB^ and Height BC you wouM. 



y / ^ 
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jfo2 TkiHt tn£diidmtty, 

]&rf XT it H s Sdnfctrdetak6 i^M04 PABa^ 
' V. V ^/ AS' ft^pofe, ^(^ i«t i^ A4tit#}6 6^ 
the tower PA W47J FiMi tfce'rt iff the Rigm-2M 
flk^ Trnncle ABP^ mttt »U #!Veel iHKl^tlld ^bfj^les 
^ Che Ferpeiidtcakf PA, «y find tMe B^ BP ^ 
Hypothcoafe AB, by Otjh lit tbtii } 

As thereof the Angle ABP=^4°i5= p.^i3i44$ 
Is'fotlie Htjght of the TowcfPA -175-= 2.2450386 
So is th6 Stoe 6f the Angle B AP^ j^ 4S^ ^.^ij9*8i j 

TotiierDiftinceofthi Objcd^BejSg.^^ 5.3603749 

-• * 

And fo isRadios, to the 7 t, * ..j' , <«« ,q,^ 
Hypothcnufe j-BA=4i6=. J.6ap4?34 

-;: iA* ., 

II. then for tfeerfetght BC, let ths Angle Mc 
be taken, which fuppofe 73* 31'. Then in the Ob- 
liquc-angkd Triangle BAG, there is given the Side 
BA, and all Chd Angles (for the Angle ABG^BAP, 
bccaufethe Li6^ PA and BC are parallel; and the 
Angle BA^ if th6 Difference ot the Angles PAB and 
PAC, botfi known' by Obfcrvation.) Therefore on 
the Gunter, UA > «s the Sine of 73° 31' (the Com* 
plemcnt of BqA=io6.» 49' to 180) : Is to the Sine 
ofBAC=7°4<y :: So is the Side BA= 426 : to the 
Side BC=66Fcct, the Height of tfi& Objca which 
was reqaired. 

Thus if the Dillance of any Objca BC Were firft 
known, the Height or Altitude of any Objca, on 
which you ftsAd, as PA, may in th6 lame Manner 
be Ibund. 

Thcfe arc all the Principal Methods of finding 
th: Altitudes, Diftanccs, ^g. of diftant Objcfts; I 

know 
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Hy^tl^l ; ;ciie P^y/^p9<; fit hisx^vp ^9*^1^^ wiii 
«c?fl*ly ^P'y tew VW ajl tJv:,Mctl>s4«pf gjpedjr. 
tipg, iy^cjj J^^cfi i« np(t rcqujrc^ j Apd ^ ||^ Parr 
poles fecf4? tfMlipq of »W vpry p^mpc^, ^4 Q^ grP*P 
gpncjcra fi^ |-ifc, jf c^dcpt^y ^^ppjfs liojy >»ri(c ^pd 

ibiey ^ al} per^mcd. 

CHAP. IX. 

PUifl TwgPPpmetry applkd te Optics, /;/ 
iis t'wo Branches of ^atpptrfcs and 
Dio^incs'^ Jhewhg how to calculate 
fhe Cour/Cf Pqfithh, focuj^ fir Po'wt of 

donv^rgmey Ue* pf R^jf/ fif Ugh$ 

after ^efieSikn ^nd Refra^iofff made 

OPTICS is that curious Science which ti«at« 
of the Nature and Fhsepomcna of Dghts and 
Colours, and of the Natusc is^ Manner ot Sight or 

yi/igp J sm4 ,bsw U js <#»^j4 kj tbs ij^fprifi^g Con- 

IS t^c j5utjc# gf fl^lM ft*»f «f Nat««l P^iiefppby 
1^)4 the Bi4^|)fn^iti$i]f;|.i it |4 ^vi^fd iatp^wp priar 
cipal Parts, viz. « 

CattptricSy which treats of Light rcflcacd from 
|^$ |^rfacc8{}f Bodies, and explains the Law9 and 

Froi^erclet 
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Properties of Refle&ion. This is vei^y diverting as 
If ell as ufeful Part of Knowledge; and hereby thofe 
crafty Knaves whom the Ignordnt call Cunning Mcn^ 
Or Conjurers^ have been fupplied with the mpft fala-< 
ctous Artifices to deceive the wondering, ignorant vul-* 
gar; who generally thought the furprinng Phaeno- 
mena of this Art were the EfFcfts of Divination. 

Dioptrics^ which treats of refradled Lighr, or the 
Manner how a Ray of Light paflcs thro' dittcrcnt Me- 
diumSy as Air, Water, vrlafe, ^c. and the Degrees 
of Refraftion it fuffers thereby. Here follows Sir 
Ifaac Ncwtoft's Definitions and Axioms relating to 
the Particulars of this Science, as they ftand in the firft 
Pages of his excellent Treatife of Optics. 

Definition L 
By the Rays of Light, fays he, I undcrftand is 
leail Parts ; and thole as well fucceffivc in the fame 
Line^ as contemporary in feveral others. 

Defimtion II. 

Refi*anglbility of the Rays of Light, is their Dif- 
poficion to be refraded or turned out of their Way, 
in paffing out of one tranfparent Body, or Medium, 
into another; and a greater or lefs Refrangibility of 
Rays is their Difpofition to be turned more or lefs 
out of their way in like Incidences on the fame Me- 
diam*. 

Definition III. 
Rcflexibility of Rays is their Difpofition to be re- 
fle&ed or turned back mto the fame Medium, from 
any other Medium upon whofe Surface they tail. And 
Rays are more or lefs rcflexfble^ whicn are turned 
back more or Ids eafily. 

Difim- 
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Befimtltu IV. 
, The Andeof Incidence, is that Angle which the 
lane dcicnbcd by the incident Ray AB, contains 
with the Perpendicular PB, to thercflcafng or re- 
tracing Surface CD, at the Point of Incidence B 
«/«, the Angle ABP : See the following Scheme. 




Definition V. 

The Angle of Reflcafon {viz. PB£) or Refiw^ 
tion (vi^ HBQ^ is the Angle which the Line de^ 
icribed by the itfkOed Ray BP, or refraded Ray 
BH, containeth with the Perpendicular PQ.' to the 
reflcaing or refra^lit^ Sarfitce CD, at the Point; nk 
Incidence B. • < 

Definition VI. 

The Sines of Incidence AF, Reflexion GF, «nd 
Refra^on KH, are the Snes of the Ao^es of Xaci'' 
4ence, Refledion^ sod Refradion. 



aq 



Dtfini* 



3o6 



Tlain Trigontmetryy 



DifiMitiott VII- 
The Light whofc Rays are all alike refrangible, I 
call Hmplc, hotnogcneal« andfimilarj and chat whofc 
Rap arc fomc more refrangible thanochersy ItaU 
compound/ heterogtneal) anddiflimiUn 
Definitm Vlir. ' 
The Colours of homogcneal Light, I cmll primary, 
homogcneal, andfimplc; and thole of hctcrogcncal 
Lights, hetcrogcneal and compound. 

udlxioMs. 
J4^itm L 
The Anglesof Reflexion and Rcfradi on, lie in one 
and the fame Plane with thd Angle o£ Incidence. 

J^iom II. 
The Angle of Refledioa PBE is equal to the An- 
gle of Incidence ABP. , 
jixiom III. 
If the rcfra<5tcd Ray BH, be returned directly 
back to the Point of Incidence B^ it ftiall be refrained 
into the Line AB, before defoibed, by the incident 
Ray. 

Axhm IV. 
Refraftion out of a rarer 
Medium into a Penfer, is 
xtiadc towards the Pcrpen- 
.dioilat^ f hat as, ib that the 
Angle of Refraaion is le& 
ithaattc;^ Angle Qi Inci- 
?|Ddence. 

jlxiom V. 

The ^iM of locidenoe is 
cithir.^cimitcljrj^ror vcrjr 
lydiaH)!^ in a giveD Ratio^ to 

the Sine of Refradtion. Whence if that Proportion 
bektiown in anyone Ineidftnce, it is known in all 
others^ for that Body atvd Ifedium* It 




Jfj^lkd to Of tics. 



'5^7 



It b found by Experunents, that if the Rcfraaioa 
be iii^dc out of Air into Water, the Sine of Incidence 
is to Sine of Rcira&ioo, as 4 to 3. Wherefore if 
CD be the Surface ot ftagnating water, and B the 
Point of Incidence in which any Rav coming in the 
Air from any Point A in the Line aC, it will be re- 
frained out of its dirc<3t Gourfc BE, into fomc other 
BH, making the Angle of Refraftion HBO, whofe 
SincKH:AF::3: 4. 

If CD be a Superficies of Glaft, the Riitio of the 
Sine of Incidence, to the Sine of Rcfraftion in Gla^> 
16 found by Experiments to be^ 1710 u ; therefore 
the Incident Ray AG Aall be rcfraaed from its dirc& 
Cburfe BE, to fome other Bf, conftituting the Anglt 
of Rffradion IBQ^, whofe Sine LI : AF : : 11 : x/. 

Thefc Things premifcd, I Ihall proceed to the cn- 
fuing Propofitions of Catoptrics and Dioptricsy which 
tho* they are common, may yet be fomewhat fervicc- 
able to initiate the young Tyro in thofe Icind of Spe- 
culations. 

PROPOSITION I. 

To exhibit the rejinBed Rays of Light 
Jrom any Plane Surface j and the ap-^ 
parent or v'tfihk Place of the ObjeSi, 

T ETCDbcthere- ^ O ^^,.3 

X-» flcfting Surface, 
and AB the Objca «t 
a Di JUnce thcrcfirora ; 
alfo let AGaodBH, 
be two Rays of Light 
proceeding from the 
Eiftremities ol the Ob- 
jcd, and fsUt on the 
i'oiot»G«ndH:No«r 
iQ order to find the Courfc of thofc Ray» after Re- 
Q.9 * flc&ott J 
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flcdion; make the Angle DGE=the Angle AGC; 
then ftiati the rcflcded Ray dcfcribe the Line GE, 
by Axiom IL After the fame Manner it will be founc^ 
that the other Ray BH will be reflcftcd in the Line 
HF; continue out EG to a, and FH to b, fo that it 
may be Ga=GA, and Hb=HB : Then Ihall ab be 
the Spedrum or Image of the Objcdt AB, in its ap- 
parent Place ; which will be always equally diftant, 
mud fimilarly (ituated behmd or beyond the rcfleding 
Surface CD, as the Objeft is before it. 
* .SuppofeCDa common Looking-Glafi ; thenfrpiq 
hence 'tis evident the Objcdt AB being rcfleded ia 
the Lines GEHF, to the Eye at EF, will have the 
fame Eficft on th* Eye, as if the Otgedt were really 
at a b behind the Glals, where it will therefore of Con- 
fluence appear to the Beholder. And thus the whole 
Theory of the Phaenomcna of a Looking-Glafs, or 
Speculum is plain to be underftood. 

PROP. II. 

To exhibit the Rays of Light refeSied 
from fpherical Surfaces^ either Convex 
or Concave ; and the apparent Place of 
' the ObjeSi, 

SUPPOSE CD beany 
refle&ing Surface, ci- 
ther Convex, as in l^g. I. 
or Concave, as in Ftg. II. 
and let AB be the Objed ; 
and AG, BH, the lUys of 
Li ght coming from the Ob- 
jca and £illbg on the Sur-t 
face CD. Let the Angles 
DHF, andDGEbemade 
equal to the Angles CHB 
and CGA^ then Ihatl the 
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refkdrd Rayt dc- 

fcribe the Lines G£ 

and HF; continue 

thofe Lines beyond 

the Surface CD to a 

and b; and there 

mil the Image of 

theGbjcdbercpre- 

fentcd to the View. 

The different Pro- 

peitiesofthofe three 

Sortaof Spcculums, 
viz. Plane^ Convex 
and Concave, arc chiefly thefe which follow ; the 
Plane Speculum prefents the Thing in its due Sitntr. 
tion, Diftance, and Magnitude ; the Convex or (2b* 
bous Speculum exhibits the Object much nearer and 
much lels than the Plane onej and Lajiiyy The Gott- 
cave Speculum vaftly cncreafcs the Bulk, and pretty 
iTiuch the Diftance ot the Objefts. There arc abun* 
dance of other curious Phenomena of thefe Glaflea 
to be met with in Books on this Subjea. 

PROP. III. 

The Jungle of Incidence being given^ ta 

Jind the Angles of RefraBianfrom Air 

into ff^ater or Glafs. 



SUPPOSE the Inci- 
dent Ray AB be in- 
clined to the Pcrpendicu-^ 
lar PB in an Angle of 35® . 
30', ^ere^ what Quantity §j 
the Angle of Relradtion i" 
muft be, in a Mcdiupa of" 
Wftter? 

By 
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By the Sliding Ruhy liy ; 
As ± on the Line of Numbers is to 33* 30' on the 
Line if Sines; fo is 3 oa the Line of Numbers to 
about ^3** 45' on the Line of Sinei \ in fuch aa Inci- 
dence the Angle of Rcfra<5^ioQ in Water is thu^fooiid 
to be if 45 = the Arch (^. 

Tefind the J^uamity (fthe fame Jngk iu aAkdmm tf 
Qlafs^ lay by the Rule j 

As 17 on the Line of Numbers : 2>!^ iK>' on the 
JLinc of Sines ; :: So is 11 on the Line of rNfambmi 
«o ii^ on the Line of Sines* 1 he Angle thcrclon: of 
Retraction will, in a Subftance of Glais^ be aboat aa^ 
in fuch sn Incidence. 

PROP, IV. 

l^he j4pgk of Incidence being g^ven^ to 
. trace the refra^ed Ray thro a Me^ 
'■ dium of fVater^ and then ofGhfs^ con^ 
tlguous to each other. 

LETABbcaRay 
of Light paffirg 
thro' the Air from A 
to B, whole Inclina- 
tion to the Perpcndi- 
wu!ar PQ^, is the An- 
gle ot L cidcnce ABP 
:=5j^ 50' fuppufe J at 
B it impinges on the 
Body or Medium of 
Water W, and, by the 
iaft ^V($, it appeared^ 
that a Kay of Ligiic 
\ irclincd to the Pcrpen-^ 
V- J^ licuUr in an Angle o£ 
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SS^Tfi' in Air, it would be inclined thereto in paffing 
a Medium of Water in an Angle of 25^ 45', make 
therefore the Angle CBQjrai^ 45', 2nd BG fhall be 
its Path thro^ the Medium of Water. At G let it 
meet with the Surface of a Medium of Glafs G ; now 
hy the laft ^rof. it appears alfo, that in the afbrc- 
faid loclination in Air, the Inclination in Glafe'will be 
^ft''; wherefore make DCE^raa^ and CD (hall be thd> 
Path of the Ray thro' the Medium of Glafs Whcncoj 
yft obferve, that the Ray AB is diverted from its di- 
re^ Courfe in the Air, which tended to a in the Line 
Aa, and by the Medium of Water is refra<9:ed or 
bent into the Courfe Bb, in which Aqueous Path it 
would have perfiftqd, had it not been interrupted by 
the Glaffy Surface atC; by this more denfe Medium* 
of Gltfs it became rcfringed, or again bent into the*^^ 
DireftioQ Co, in which it proceeds till meeting agaia 
with the Air at D, is refraScd into the Line JL)d pa- 
rallel to its firfl Direction Aa. 

U. B. The Refraflion in Glafs out of Water imme- 
diately may be thus difcovcrcd. Let the Sine of In- 
cidence in the Air be galled I, the Refradtion in Wa- 
ter R, and the Refradion in Glafs r : Then bccaufc 

I : R : : 4 : '3, and I : r : : 17 ^ 11 ; it will be 3I 
ej54R, and i ilatfiTr; cbnfequcptly it will be as 3 : 

II : : 4R : 17r^ therefore .44117^5 ir, whence R : 
!• : : 5t r'44 ; that is, the Sine of Iricidence : Is to the 
Sine of Refradion, out of Water into Glals : ; as ji 
: to44. Q. E.L 
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PROP. V. 

In the Sche^me adjoined^ 
let AB be the Incident Ray 
of Light, and BE the fame 
Rayrefraftcd from its di- 
. red Courfe Ab, draw FE 
JJ* parallel to the Perpendicu- 
lar PQ* and draw £eparal- 
leltoBb. Ifay,BK:Bb 
or Ec : : Sine of the Inci* 
dencc : Sine of the Refrac- 
tion. For the Angle of In- 
cidence ABP=BbE=FEe ^EeQ , by Parallel Linca. 
And the Angle of Rcfradion QBE=BEF; but in 
the Oblique Triangle BbE or BEe, the Sides are as 
the Sncs of their oppofite Angles;, confequently the 
Side BE i« to the Side Bb or Ee, as the Sine of the 
Angle BbE or BbF, is to the Sine of the Angle BEF 
= EBQ ; that is^ as the Sine of Incidence to the 
Sine of Rcfradion. 

PROP. VL 

-' • ^ jp! ^ ^ Let ABEF be any 

' * X"^? -^-'=S:k; Veffel, on the Bottom 

*jl /'-' ;Srf of which (whcnemp- 

^^ ty) let there be laid 
\ any Objeit, as half a 
^ Crown, at G ; and let 
it be requiicd to find 
the Place (called the 
Focus) of its vifiblc 
Appearance by Re- 
fraaicn , when the 
Veffcl i?i filled with Water to the HcightDC : fop- 
pdLt GR a Ray ol Ug^ht proceeding from the Ub|ed 
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G to the Surface of the Water atR, and is rcfraftcd 
into the Air; let fall the Perpendicular PQ^and make 
as PL : SK : : 3 : 4, draw KH, then Ihall H be the 
Vifible Place of the Objed, which may now be feed 
by an Eye at K, but could not before by much. 
Wherefore by the RcfraSion of Water the Bottomai 
of all Veflels appear ptojedled at a Diftance beyond 
their Real Place, as that Point of the Bottom Q ia 
projefted to H j and it will thereby appear elevated 
alfo, or to rife up nearer the Eye, as the Point G? 
will appear in the Perpendicular tG to be elevated 
to the Point M, to an Eye in I; and 'tis plain tbd 
Objed: Gmuft be lifted up to the Point M, m ordei? 
to be fcca by the Eye at K, was there no Water inl 
theVeffel. 
Hence the Focus, or vifibic Place of the Objea' (i 
* to an Eye at K, will be in the Point H; and to ad 
Eye in I, in the Point Mj and the Bottom FE will 
^pear elevated to the Height NO, and the vifiblcf 
Depth of the Water will be DN or CO. Thcfe 
Particulars may appear as fo many Parado^^5, bug 
arc moft eafifly proved by Experiment, 

PROP. VII. 

To Jhew the Trigonometrical Calculation ofths^ 
Dij^rence between the True Tlace G, andthg 
af parent or vifible Tlace H ^r M (viz. thg 
^antity of GH andGU,) of any Obje^ bi 
Refraction. 

LET theQaantity of the Angfe of Incidetirtf 
out of Water into the Air GrCLi be 38** CX)'; 
then (hall the Angle HRQ^KR,P be 5i« 00', ot 
tliercabouts j alfo let the Depra of the RQbc 2 Foot^ 
or 24 Inches. 
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^ Then fay hythe Gunter; 

As Radius : to the Tangent of 38% on the Tan- 
gent-Line ; 

: : So is RCL=24 Inches : to about i%\ =GQj on 
the Line of Numbers* 

Then fay again^ 

Z' As the Radius : to the Tangent of 55^ 

: : So is RQ^=24 : to 34I Inches=QHL 
Then QI-I-Q(i=GH=iiJ Inches. 

Again, in the Right-angled Triangle HQM, there 
is known the Side GH (laft found^ =15 ^Inches; 
and the Angles, to find uM. 

S'iy hy the Gunter, 
As Radius : to the Tangent of GHM— 35*^ 
: : So is GH=I5 \ : to GM=ii Inches, nearly. 
Whence the Eye at K will be deceived about 15 J In- 
ches, and that at I about 1 1 Inches; lo that the greater 
the Obliquity of Sight, the greater is the Deception. 

PROP. VIII. 

Rays coming ovt of Air^ and falling on a Con^ 
'vex Glafs Suferficies^ in a Parallel Tofitm 
to^ and very near the Axis^ converge in a F(h 
cal Toint F, which will be diftant from the 
Vertex V very near three Semidiameters of\ 
the Sfhere. 

NO W bccaufe the Refraftion in Glafi but of 
Air, is as 17 : 11, or as 3 : a very nearly; 
therefore take FV : FG : : Sine of Incidence : Sbc 
of Rcfraftion, that is, as 3 : 2 then fliall F be the 
Focus, to whichallayR parallel to, and near the 
Perpendicular, will converge. For Pt : FC : : Sine 
of FCP=Sincof FGV=RDP the Angle of Incidence 

: the 
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•* the Sine of FPC the Angle of 
Refradion ; Bat FP : FG : : FV 
: PC \ wherefore the Incident 
Ray RP fhall be refrafted into PF. 
But bccaufe FV : FG ; : 3 : a; 
therefore let FV be divided into 
three equal Parts, then ihall FG 
be two of thofe Parts, and CV 
will be one ; but G V is the Radius, 
therefore FG will be a Diameter j 
confequently i«V will be diftant 
from V, ^OJ or 3 Semidiame- 
tcrs. 



P R O P. IX. 

To calculate accurately the Focal Diftance of 
Parallel Rays ^ refracted out of Air by the 
Spherical Contiex Superficies of a Glajs Lens, 




J 







fell, 



LET AB be an Qbjea, from which a Ray of 
Li^ht AG proceeds parallel to the Axis of the 
Sphere t B, and impinges on the Gonvex Superficies 
of Glafs in the Point G, from whence it is refni^d to 
the Pomt F. Suppofe the Angle of Incidence AGP 
—4a*, then it will be 17 : 11 : : Sine of 42°: Sine of 
aj° 3o'=EGF, the Angle of Rcfradion, let the 
Height of the Objcd AB=;GP, be 12 Inches, thca 
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On /i&tf Scdtor. 

As=Sinc of ACP or VEC, 42^ : j| DC or AB 12} 
: : So=Radiu8 : || EC, 18 | Inches for the Semidi- 
ameter. 

Saj agaifjy 
As-rSinc of CFE 16^ 3?' : =Sinc of FCE 25^ 30'; 
; : So II EC 18 i : jj EF 27^ Inches. 

But FE+CE (=EV) =FV=4j ^ Inches, the 
Diftance of the Focus F from the Y^ftcy of the Su- 
perficies V, as was to be found. Hence 4( appears 
that the Parallel Rays muft be very near the ^iw 
indeed, that their Focus may be the Plilanceofd^rcc 
Semidiameters from the Vertex V, according to the 
)fi& Propoiicion. 

PROP. X. 

TV calculate the Fecal Diftance ofTarallelRays 
falling on the Tlane Hurface of a Tlawhcon- 
: ^ex Glafs Lens^ 




LET AD be a Ray falling perpendiciilarly on 
the Plane Surface of th? Lens Y5^ where it 
will fiifier no Refra^on in pafling the Glais Mcdiani^ 
till it arrives to the Concave Surface ^t P, wl^ere it is 
refra^d into the Air in the Dircftion DF, to the 

FOQUS 
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Focus in F. Now FD : FC : : Sine of FCD- ADC 
: Sine of PDF ; that is, as the Sine of the Incidence to 
the Sine of Rcfradion, out of Glafs into Air. Then 
fuppoiing the Height of the Objcft AB 12 Inches, 
and the Incidence ADC=35^ 30', then the Angle of 
Rcfraaion PDF will be about 6()'' 30', then to find 
VG, »ndFe; 

Say hy the Sedtor ; 

A8=Sine of DCV if 30' : 11 AB or DE 12: 
: : SoFrlUdius : || CD or CV act, for the Senudia- 
mcter. 

JgainforFN.fay^y .. 

As=Sine of DFC 31* : || DC ao^ Inches; r ^ 

: : So=Sine of PDF 66^ 30' : || FC 36^ Jnphes. 

ButFC— VC=^FV=i6 Ipphes/thc Foca^ Di'ftancc 
required. Hepce the Focus pf thofc Rays falling 
very pe^r the Axis, will be difts^nt from V about the 
Diameter of the Sphere. The Co|iverfe of this Pro- 
pofition is cafy to dc underftood, 

P R O P. XL 

THE EfFeft of Plano-concave Glafles, is con- 
trary to that of Plano-.convex ones ^ as they 
converge %\l^ Rays, thefe dilate them ; and in tl^o 
lame Proportion that the Imagps of Objcqs^e dimi- 
nifl^ed in them, they are increafpd ov inlargcd by 
thefe. The Proportion which, or Dift^nccs atwhicn^ 
(from the Point of Ii;^ji(|j[?nce D) the Bulk of any Qlj-. 
ytSt is iDcrcafed, is thps computed. 

Suppofc the Height of the Objcd: AB=ia Inches^ 
and the Angle of Incidence ADP=PCB, be ^f 30', 
as before ; then the Angle of Refraction into the Air 
will be 66'' 30'=CDR, and the Difference of thcie 
Angles, will be the Angle RDI, (by which the Ima- 
ges of Objcds are increafed in thefe Sort of Lenics) 
this Angle is 31 Degrees; and therefore fuppofe it 
•were rcq^uircd tokpovv howjarge th? Objeik AB will 

a^pcan 
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tppear at the Diftancc DI, from the Point of Inci- 
dence, viz. 5 Foot, or 36 Inches , fay, 

As=Sine of IR D sSf" • II JD ^(^ Inches. 
: : So=Sine of IDR 31* : || IR aa Inches i and there- 
fore fuch is the inlargemcntof the Objedt; to which 
add IS-=AB its real Altitude, the Sum is SR=34 
Inches, the apparent Length oi the dilated Objed, at 
the given Diilance, as required. 

PROP. XII. 

IN a Convex Lens, the parallel Rays B, C, are re- 
frafted at twice (firft, thro' the Glafs from D, F, 
to I, G ; and then again into the Air from I, G,) to 
the Point or Focus it ; the fame is affirmed of Rays 
which proceed Irom one "SdHSL ooly of the Objcit 
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The direft contrary is efFedcd by a Concave Lcnfe ; 
for therein after two Rcfradions at D, F, and I, G, 
the Rays albrcfaid diverge and arc difperfed, as the 
other were conveyed and collc6ted in one Point. 




P R O R XIII. 
To calculate the Di fiance of the Focus F of^a^ 
rallel Rays refracted thro' a Sfhere or Globe 
ofGlafs^from the Vertical Toint V, or Cen^ 
ter C of the Sphere. 




\ 
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SUPPOSE IDE a Sphere of Glafs ; R a Ray 
of Light parallel to its Axis L V, and incidenc 
in the Point I, in an Angle PIR of 4a*' ; RS any Ob- 
jcft I a Inches high. Then as 17 : 11 : : Sine of In- 
cidence PIR 41' : Sine ot Refradtion CIE if 30'. 
But becaule of the Ifocclcfs Triangle ICE, the Angle 
CI£=CEI; again, the Angle DGE=ClE+CEl= 
ii'j but LCV=ICL,=PIR=4a% therefore the An- 
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tie DCE-I)CV=VCE=9^ Now bccaufc the Angle 
CEI=:TEO, is the Angle of Incidence ot the refrac- 
ted Ra^ IE; therefore as ii : 17 : : Sine of TEO '• 
Sine of EF==42®; that is the Refraftion out of Glafs 
into Air, will always be equal to the firft Angle 
of Incidence RIP. Therefore 180**— OEF (42*)= 
138^ And thus in the Oblique Triangle FEC, all 
the Angles are known, and the Side GE (being the 
Semidiameterof the Sphere) will in this Cafe be i8j 
Inches, by ^r(?p. IX. Wherefore to find'the:Sidc 
CF, .0i,, 

Say thus by the Se6tor, 

As=Sine of CFE, s^ • 11 CE, i%\ Inches, 
: ; So=Si»eof OEF, 42^ : |[ CF, 22i Inches. 
Now CF— G V=s=VF=4 \ Inches, as was required. 
And in all Incidences whatfoever, it will be. 

The Semidiamcter of the Sphere GE, 

Is to the Diftance of the Focus F from the Center 
C,TiXCF; 

As the Sine of the Difference of the double Angles 
of Incidence and Refradion, 

To the Sine of the Angle of Incidence. 

Thus I have finiflied what I defign of-the Trigo^ 
fjometrical Calculations in Optics ; I might have advan- 
ced it much farther in the cefefidcration of Oblique 
Rays^ as well as parallel oqes j/but I have already 
^verihot my Mark; and thKmBre Ihall flop here > 
having done more this way than I have feen done by 
any other ; and (hall leave the Remainder to the Lear**' 
ncr's own Improvement. 



CHAP. 
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CHAP. X. 

Plain Trigonometry applied to Perfpcc-^ 
tivc J jhensoing hoijo to delineate Obje5is^ 
ai they appear to the Sight] and to 
jfind the Proportion of the vijihle and 
real Magnitudes of diflant Objetis by ' 
Calculation. ^ 

TH E Art of Pcrfpcftivc is cxccciiing carious 
and delightful to all Pcrfons who have any No- 
tion or Taftc of the Liberal Arcs and Sciences, and 
is not only ufcful but indifpcnlibly neceflary tor fevc- 
wl Artificers, as Limners, Dcfigncrs, Architeds, ^c. 
and it is therefore very much to be wondcr'd at^ that 
is no more common and cultivated than it is. 

What I delign here is rot to give the Reader a 
Treatife of the Art in general, but only to give the 
young Student an Example or two of the Perfpedlivc 
l)elineation of remote Objeds; and alfo how the 
fame Thing may be done by Trigonometrical Cal- 
culation; and how the Proportion of the vilible and 
real Magnitude of Objects is to be determined by 
5inc« and Tangents. \^Top. I. by PerfpcAive.] In 
the firft Place let it be required to delineate the Ap- 
pearance of the Square A BCD, in a dirc(^ View to 
iui Eye at the Height of 6 Feet above it, and ai the 
Diftance of 30 Feet, according to the Rules of Per- 
Ipedive. 

Ss LLet 
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t. Let ABCD be the gJvcfl Squall, each of whofe 
Sides is 4 Feet or 48 luches; and it is required to 
find its Perfpedtive Delineation for the aforeiaid given 
Height and JDiftance of the Eye. 

IL In order to do this, by the Rules of Pcrlpecf- 
tivc, draw the Bafe or Ground Line a b ; this repre- 
fents the Surface of the Earth or Ground on which we 
itandtpview the Objeft ABCD. This Line id al- 
ways fixed. 

IIL Draw the Vifual or Horizontal Line FE, ia 
which the Point S, called die Point of Sij^htj is always 
found, becaufe it reprefenti that Line whicn paileth 
thro' the Eye of the Beholder parallel to the Hori- 
jLon; and therefore muft be drawn equal to the Height 
of the Eye above the Ground, viz. 6 Feet, «=:Sa. 

IV. Froni S fet off both ways the Diflance of the 
Eye from thcObjeft, viz. |o FeetssSF or SE; and 
tor thia Reafon the two Points F^ E^ ate called, the 
^gints oj Dtftano$. 

T»Di»vir 
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V. Draw up the Radial Lines AS and BS. 

VI. Then draw the Diagonals FB and AE; 

VII Laftly^ Join the Points of Intcrfedion of the 
Radials and Diagonals c and d ; then fhall AcdB be 
the Peiipcdive Appearance of the. Square, aa re- 
-quired 

PROP. 11. 

To Jind the fame PerfpeSiive appearance 
of the Square hy Trigonometry. 

J. T N order to this we muft find the Dimunition 
\ and Pofition of the Sides or Lines Ac, c d, 
dB, and Se^ or cO, and the Bulinefa will be done^ 
thua^ 

II. In the Right-angled Triangle ASs, there's given 
Che two Sides 6 s==6, and A a= a ; to find the Angles. 

By the SiSior^ fay j 
As 11 Ssj 6, : =Tangent Radius. 
:: So 11 As, a, : -Tangent of ASs i8* 15'. 

III. In the Right-angled Triangle FaB, there is 
knowa the Side Fa («=Ss) =r6, and the Side aB 
(=FS+sB) =32>to find, the Angles jyZi^, 




\ IV. in the Oblique Triangle AcB, there are knowa 
flU the Angles, by the two laft Operations, and the 
Side AB=4 \ to find the other two Sides Ac, and 

A8=Sine of ScB, 8a^ 23', : || AB, 4 Feet; 
: : So=Sinc of cBA, 10^ 40' : || Ac, O, 75 of a Foot \ 
I :So=Sine of BAc, 71* 45' : || Be, 3.83 Foot. 

S s a V. In 
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V. In the Right-angled Triangle AOc, there are 
known the Side Ac=c. 75, and the Angles,, to find 
the other two Siv-csAO, and Oc, thusj 

As- Radius : |j x\c, 0.75 of a Foot, or pinches^ 
: ; So-:rSine of OAc 71* 45', : || Oc, 8i Inches. 
; : So=Sine of 3\cO 18 ij' : || AO 2.8j. Inches. 

But 5 A - AO=SO=cc=ai . 13 Inches and 2ce=eci 
* =42.3 Inches. 

VL Thus have you obtained by Calculation, the 
Pofition and Quantity of each Side or Liine in the 
Perfpeftive or apparent Square*, which compared 
with the real Magnitudes, the Difference or "iJimi- 
nurion will the better appear thus, in Inches^ ao^ 
Decimal Parts, 

Keal Mag. Perip. Mag. Diminution 

The Front AB=48 AB=48 cod 

The Side AC=48 Ac= p 37.00 

The Diagonal AD=68 A d=;46 22.00 

The Side CD=48 c d=42.3 5.7 

Middle Line 861=48 S e=8.5 39.5 

And fuch are the Dimenfions and the Dificrencei 
of a Geometrical and PerfpedHvc Square on the Coq- 
dirions above given, in a direft View : In the next 
Place let us fee the Difiercncc and Alteration made 
by an Obliqui View. 

PROP. III. 

To reprefent the aJore-menUoned Squate 
perfpeSiively in an Oblique View. 

LE T ABCD be the Square, as before, to be ppe 
into PeHpe&ive obliquely ; and let the Angle 
AsS be the Obliquity ojf the Yiew^ which fuppOfe to 

■ ■ ■ • ■ be' 
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f>e 60 Degrees. Draw the Line Ss, fo Ihall S be tht 
Point of Sight. Draw up the Radials AS and BS; 
and the Diagonals FB and A£; then join the Ppints 
of Interiedion c, d, by the Traverfe Line c d ; thup 
(hall AcdB the Perfpcctive View of the Square in the 
^ycn Oblique Fofition of the £ye^ as was rec^uired, 

PROP. IV, 

Xofind tht Dmenfions and fofition of the 
Square^ in the given Oblique View in 
PcrfpeiSivc, hy Trigonometry, 

I, T" E T the Dimenlions of the Geometrical Sqaar^ 
I 1 the Height of the %e, the Points of DLft'ance, 
and the Angle of (jftJim VieWy be ail the i«ne as has 
bccQ abovc-ftated. 
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IL Then in Right Triangle a s S, there are known 
all the Angles and the Side aS=^ \ to find the Side 
a 6, fay; 

As=Tangcnt Radius : l|aS, 6 Feet. 

So;a=Tangent^f aSs, 30% f j a 8, 3,j Feet ; hence 
aA=i.i- 

So=2Sccant of -aSs, 30*, () ^^^ 7.1 Feet. 



. IIL In the Right Triangle Aas, there is Riven the 
Sidca-\=i.i, and the Side aSr:6, to fin ^^. ^^"^ 
glcs, and the Side SA, fay thus; s 



As [| aS^ 6 : =Tangcnt Radius, 

So ii aA 15 : =Tangcnt of aSA, 13* 50'. 



So- Radius : || SA, o.a Feet. 



A8T=Sinc of aSA I3* 50'j |I aA 15 Feet 

,0.2 



IV. Again, in the Right Triangle BOF, there is 
given the Side BO -6, and the Side FO=:30+i-i35 
35.5 ; to find the Angle BFO, fay thus; 

As (I FO, 3iJ : Tangent Radius. 
So II BO 6 : =Tangcnt of BFO, p* 3i',=rABc. 

V. In the next Place, in the Oblique Triangle AcB^ 
there arc known all the Angles, and the Side AB=:4;., 
to find the other two Sides Ac, and cB, fay thus j 

As - Sine AcB, 66* i^' : jl AB, 4 Feet, or 48 IndiOK^^ 
SorrSine cBA, f 33', : || Ac, 074 Feet, or H- 

Inches. ' - ^--^ 

So-Sine aAS, 76* 10' : [j Be, 4.25 Feet, a .;. v 
Inches, 

VI. Then becaufc of Similar Triangles ASB mu 
cSd, it will be as AS -^.a : AB-4 : : Sc-5.45 

: cd-3,36 Feet, and ASz-6«2 : ba=7.i ; : Sc^s 4<5 

:Sc 



* 5cr:6.a5. But Ss— Sc=rsc=:o.8j Foot, or lO.i In-' 
chca. Alfo, as 0(1-1.68 : 8B=a ; : Se=^o»8i : Bd= 
I.02 Foot. 

VIL Laftly^ In the Oblique Triangle Acd, there 
ia known the Side Ac=0.74 j the Side cd - 3 3 6 ; and 
the included Angle Acd-cAa~7d*.io'j thence the 
Side Ad will beiound 3.23. And thus are all the 
Sides and their Folitions ibund in the Fcrfpcdti/c^ 
Square. - 

Thefe ' '1th itfpca to their Originals in the 

Geometi -^ c, ftand thus (with the Piminu- 

don of each rc.pedively) in Inches. 

Real Mag. Perfp . Mag. Dimunitions 

,^ The Front Line AB=48 Ali=:48 cx>.oo 

i The Side AG=48 Ac=8.o 3910 

l> The Side BD3r48 Bd 12.24 Ys*j6 

^ The Side GD=48 cd=40.22 7.78 

The Line Gs=48 sc=io 38.00 

The Diagonal AD=68 Adx=;3o ^oco 

{ The Diagonal BC=68 Bc=ii 17.00 



'hus the young Trigonometcr may at his Pica- 
find by the Rules ot his Art« the true Dimcn- 



h* Thus the 
Ibre 

fions, Proportions, and Diminutions of the feveral 
Lines or Parts of the Perlbeftive Appearance of a 
Square in a dired and Oblique Fiew*^ and that to a 

ffs Mathematics! Exadnefs and Nicety. 

Alfo^ fince by means of a Square, various other 

flain Jligiires are put into Pcrlpcdivc, as a Triangle, 
arallelogram, Rhombus, any Regular Polygon, €^r. 
•ris ealy to apprehend how Trigonometry may be ex- 
tended to the Calculation of their Dimepfiooa in Per- 
Ipe&ive likewife.' 

I hare 
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i nave given this Example or two in Perfpe6iivc^ 
only becaule the young Artift may be the better ap- 
prized of the extcnfivc Ufe of this excellent Art, an.l 
that it may be applied to anfwer fcveral both curious 
and ufcful Purpolcs in this delightful Art of Perl'pec- 
tive; and I have the rather done this, becaufc I have 
not leen it thus applied by any other Hand. 



to fin . 
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ADVERTISEMENT. \ 

THE Young Student's MEMORIAL BOOK, Or POC- 
iV ET LIB Kj4 R Ti Containing, 

I. Thr Rudiments of Logarithms, Decimals, aiid Algebra, in 
great Va ricty of Rules and Cafes. 

II. A very large Colleton of The9rems and Canons for folving 
S^jfefliws and Pnbkms in the various 29Xtsoi Afithemetk^ u^lgebra^ 
and Fiuxfons. 

III. jRffiV/, theorems and Canons^ reiblving all the ufcful and 
rommon Problems in the Msthematicai ana Mechjtnical Arts and 
&cience>, viz. Menfuration, Gauging^ Cmtia^ Plain and Spberkat 
7f'tP^anometryj Nsvigaiion^ Fortification^ Gunmry > Aftronomyy Dial' 
iir.p,^ Optics^ PerfpeBive^ ytrchitiSure^ Mtclanics^ Geometry ^ &c. 

IV. AhrgcColle^ionot Mathemaf leal 7ahUsi lerving to vari- 
ous Purpoics of Jrithemetic^ Jftronomfj Geograpby^ Cbronoufgy^ 8gc. 
irirh a PerpetnalJlmana^^ adjuftcd to the If car, 1735. 

V. An Maratus of the common Mathematical Cines^ for the 
O; jratioii of any ^filon QtProhlem^ as is pcrform'd by xbcPlam 
ii^t'i:^ &c. 

£y Benjamin Martin. 
Plurimum in Mininu* 
j|« /^YT Flirted for 7. Ncon^ at the HT^iti Han h CheafpM 
npar Mn€m4Jba(f$L 1 734. 
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